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PREFACE 

This data book contains the latest product information for Fujitsu's line of DRAM les. This year's edition, 
however, does not include a section for DRAM modules. Both DRAM and SRAM modules are now in a 
Modules Data Book which you can obtain from your nearest Fujitsu Sales Office or Sales Rep. (See the 
Sales Information listing in this book.) 

In addition to the collection of DRAM data sheets, you will find valuable information on ordering and 
expanded packaging descriptions, both in the Order Information section. 

The Design Information section contains two new technical papers. The 3D Stacked Capacitor Cell for 
Mega Bit DRAM is a reprint of a technical paper from the Fujitsu Scientific and Technical Journal. We 
are pleased to be able to include an article from this highly respected journal. The second new paper is 
The Soft Error Rate for 4M DRAM Devices, a significant article on these new DRAM devices. 

If you are interested in obtaining other Fujitsu product information, you will find the publications listing on 
the following pages quite useful. Once again, call one of our sales offices to obtain a copy of any of the 
documents. 
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FUJITSU PRODUCT PUBLICATIONS 
The following is a list of the product publications available from Fujitsu. Call your nearest Fujitsu Sales Office or Sales 
Representative to order any document(s) you need. (See the Sales Information section for phone numbers.) 

MEMORY PRODUCTS 
Dynamic RAM Products Data Book 

Static RAM Products Data Book 

ECl RAM Products Data Book 

Programmable Memory Products Data 
Book 

Memory Modules Data Book 

Memory Card Products Data Book 

Power Transistor Products Data Book 

Linear Products Data Book 

Linear Products Selector Guide 

Telecommunication Devices Data Book 

Telecommunication Devices Selector 
Guide 

Interface and Logic Products Selector 
Guide 

CMOS 4-bit Microcontrollers Data Book, 
Vol. I 

CMOS 4-bit Microcontrollers Data Book, 
Vol. II 

CMOS 4-bit Microcontrollers Selector 
Guide 

Iv 

Contains product data sheets for NMOS and CMOS DRAMs, 
including 1 M and 4M devices, and MOS application-specific 
RAMs. 

Contains product data sheets for high-speed CMOS and 
BiCMOS SRAMs, low-power CMOS SRAMs and application
specific SRAMs. 

Contains product data sheets for ECl and TTl bipolar ECl 
RAMs, BiCMOS ECl RAMs, and application-specific RAMS 
including self-timed RAMs (STRAMs). 

Contains product data sheets for programmable ROMs (including 
registered and wide-temperature range PROMs); CMOS mask
programmable ROMS, OTP ROMs, erasable PROMs, and EE
PROMs; NMOS erasable PROMs and non-volatile RAMs. 

Contains product data sheets for CMOS DRAM modules (includ
ing high density and low profile) and CMOS SRAM modules. 

Contains product data sheets and programming information for 
68-pin JEIDA and PCMCIA standard memory cards and connec
tors and for 38-pin memory cards. 

Contains product data sheets for RETs, Darlington arrays, and 
FETs. 

Contains product data sheets for op amps, comparators, automo
tive audio amps, power supply controls, motor drivers, disk driv
ers, and converters (AID, DIA, AID-D/A, and FN). 

Presents an overview of linear products. 

Contains product data sheets for bipolar prescalers and VCOs, 
CMOS PlLs, BiCMOS single-d1ip PlLs and Prescalers, 
CODECs, CMOS telephone ICs, and cellular mobile radio ICs. 

Presents an overview of telecommunication products and piezo
electric devices. 

Presents an overview of logic and interface devices. 

Contains product information, including the development tool for 
the MB8850 and MB88200 families of 4-bit microcontrollers. 

Contains product information, including the development tool for 
the MB88500 family of 4-bit microcontrollers. 

Presents an overview of the MB88500 (high end), MB8850 (mid
range), and MB88200 (low end) families of 4-bit microcontrollers. 



FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC PRODUCTS 

CMOS Channeled Gate Arrays Data Book 
and Design Evaluation Guide 

CMOS Channelless Gate Arrays Data 
Book and Design Evaluation Guide 

CMOS Standard Cell Data Book and 
Design Evaluation Guide 

ASIC CMOS Products Selector Guide 

BiCMOS Gate Arrays Data Book and 
Design Evaluation Guide 

ECl Gate Arrays Data Book and Design 
Evaluation Guide 

ASIC Bipolar Products Selector Guide 

ASIC SOFTWARE 

The ASIC Gallery (catalog) 

The ASIC Design Environment (catalog) 

ViewCAD User's Guide 

ViewCAD Installation Guide 

CMOS ASIC Reference Manual for 
Validation 

FAME User's Guide 

FAME Reference Manual 

Synopsys User's Guide 

Contains product information for UHB Series High Drive CMOS 
Gate Arrays and CG10 Series High Drive CMOS Gate Arrays. 

Contains product information for AU Series CMOS Series Gate 
Arrays and CG21 Series CMOS Gate Arrays. 

Contains product information for AU Series Standard Cells. 

Presents an overview of CMOS channeled and channelless gate 
arrays and standard cell products. 

Contains product information for BC Series BiCMOS Gate 
Arrays and BC-H Series BiCMOS Gate Arrays. 

Contains product information for ET Series ECl Gate Arrays, H 
Series ECl Gate Arrays, Ultra-High Performance ECl Gate 
Arrays, and VH Series ECl Gate Arrays. 

Presents an overview of BiCMOS and ECl gate array products. 

Discusses the trend in ASICs: migration from using gates as 
primitives to using lSI and even VlSI macros as design ele
ments. 

Provides an overview of the third-party tools that work in concert 
with Fujitsu's proprietary tools, ViewCADTM, BankCADTM, 
ZephCAD, and FAME. Also included are product profiles explain
ing how the third-party tools fit within the design framework. 

Provides a basic understanding of Fujitsu's proprietary CAD/CAE 
system, ViewCAD. This book provides information necessary to 
design, test, simulate, and analyze circuits using Fujitsu's unit cell 
libraries for AU, UHB, CG10, CG21, and CG31 CMOS technolo
gies. 

Explains how to install Fujitsu's proprietary CAD/CAE system, 
ViewCAD. 

Provides a basic understanding of the Valid System on the Sun 
platform as it interfaces with Fujitsu programs to build circuits 
using Fujitsu's unit cell libraries for AU and UHB CMOS technolo
gies. 

Provides a basic understanding of the Fujitsu ASIC Management 
Environment (FAME) software as it interfaces with third-party 
tools (Sun or PC) to build circuits using Fujitsu's unit cell libraries. 

Provides installation and directory information for the Fujitsu 
ASIC Management Environment (FAME) software, which uses 
third-party tools (Sun or PC) to build circuits using Fujitsu's unit 
cell libraries. 

Provides a basic understanding of the Synopsys® system as it 
interfaces with Fujitsu programs to build circuits using Fujitsu's 
unit cell libraries. 
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FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC SOFTWARE (Continued) 

Verilog-XL User's Guide 

Future Publications 

For Fujitsu Microelectronics, Inc.: 

Master Product GuidelCatalog (1991) 

For Memory Products: 

Hybrid Products (1991) 

For ASIC Software: 

ASIC Design Environment 
Data Book (1991) 

ASICOpen™ Catalog (1991) 

Provides a basic understanding of the Verilog-XL® system as it 
interfaces with Fujitsu programs to build circuits using Fujitsu's 
unit cell libraries. 

Presents an overview of the entire range of products offered by 
Fujitsu Microelectronics. 

Presents Fujitsu's hybrid products and discusses thick- and thin-film 
capabilities. 

Provides detailed information about the ASIC Design Methodology 
at Fujitsu. It contains an overview of the third-party tools that work 
in concert with Fujitsu's proprietary tools, ViewCAD, BankCAD, 
ZephCAD, and FAME. Also included are product profiles explaining 
how the third-party tools fit within the design framework. 

Provides a small-scale ASIC Design Methodology at Fujitsu. It 
explains the design processes between two third-party tools, Syn
opsys and Verilog-XL, and Fujitsu's proprietary tools, ViewCAD, 
BankCAD, and ZephCAD. 

Synopsys® is a registered trademark of Synopsys, Inc. 
Verilog-XL® is a registered trademark of Cadence Design Systems, Inc. 
ViewCAOTI. and BankCAOTM are trademarks of Fujitsu Umited. 
ASICOpenTi• is a trademark of Fujitsu Microelectronics, Inc. 
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Fujitsu's Dynamic RAM Products 

Introduction 

NMOS and CMOS DRAMs 

Fujitsu manufactures a wide range of integrated circuits that 
includes linear products, microprocessors, 
telecommunications circuits, ASICs, high-speed ECl logic, 
power components (consisting of both discrete transistors 
and transistor arrays), and both static and dynamic RAMs. 
An extensive line of memory products includes volatile and 
non-volatile CMOS and ECl devices. 

Fujitsu's Dynamic RAM product line offers devices for use in 
a wide range of applications. These memories are 
manufactured to meet the high standard of quality and 
reliability that is found in all Fujitsu products. 

This data book includes product information on all of Fujitsu's 
currently available DRAM products. 

Fujitsu manufactures a complete family of leading technology 
dynamic random access memories for the data processing, 
telecom, and industrial markets. This family consists of the 
highest density devices currently available with a broad 
selection of organizations, access modes, and packages. 

Application-Specific DRAMs 

Fujitsu offers a family of multi-port dynamic random access 
memories tailored for video imaging and graphics 
applications. These devices adhere to JEDEC standards 
where applicable and are available in the popular packages. 

xiii 
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Section 1 

NMOS DRAMs - At a Glance 
Maximum 
Access Package 

Page Device Time (ns) Capacity Options 

1-3 MB81256-10 100 262144 bits 16-pin Plastic DIP,ZIP 
-12 120 (262144 x 1) 16-pin Ceramic DIP 
-15 150 18-pin Plastic PLCC 

18-pad Ceramic LCC 

1-25 MB81256-80 80 262144 bits 16-pin Plastic DIP,ZIP 
(262144 x 1) 16-pin Ceramic DIP 

18-pin Plastic PLCC 

1-45 MB81257-10 100 262144 bits 16-pin Plastic DIP,ZIP 
-12 120 (262144 x 1) 16-pin Ceramic DIP 
-15 150 18-pin Plastic PLCC 

18-pad Ceramic LCC 

1-.09 MB81257-80 80 262144 bits 16-pin Plastic DIP,ZIP 
(262144 x 1) 16-pin Ceramic DIP 

18-pin Plastic PLCC 

1-93 MB81464-12 120 262144 bits 18-pin Plastic DIP, PLCC 
-15 150 (65536 x 4) 18-pin Ceramic DIP 

20-pin Plastic ZIP 

1-1 
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February 1990 
Edition 5.0 

MB81256-101-121-15 

cO 

DATA SHEET 
FUJITSU 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 
262,144 Bit Dynamic Random Access Memory 

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access 
memory organized as 262,144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Multiplexed row and column address inputs permit the MB81256to be housed in 
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform 
to JEDEC-approved pinouts. Additionally, the MB81256 offers new functional 
enhancements that make it more versatile than previous dynamic RAMs. tmS-before
roffi" refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81256 also features page mode which allows high speed random 
access of up to 512 bits of data within the same row. 

The MB81256 is fabricated using silicon gate NMOS and Fujitsu's advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. DynamiC 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very Wide. All inputs are 
TTL compatible. 

• 262,144 x 1 RAM organization · :,c:~:u Triple Poly NMOS, single 

• Row Access lime 
100 ns max. 1MB 81256-101 
120 ns max. MB 81256-12 
150nsmax. MB81256-15 

• Cycle lime 
200 ns min. 1MB 81256-10) 
22Onsmin. MB81256-12! 
260 ns min. MB 81256-15 

• Page Cycle TlIIle 
100 nsmax. (MB81256-101 

120 ns max. (MB 81256-12) 
145 ns max. (MB 81256-15) 

• Single +5 V Supply, ±10% tolerance 

• LowPower 
385 mW max. 1MB 81256-101 358mWmax. MB81256-12 
314 mW max. MB81256-15 
25 mW max. (standby) 

Absolute Maximum Ratings 
Param_ 

Voltage al any pin relatiw 10 V ss 

Voltage of Vee supply relative 10 Vss 

Storage Temperature I Ceramic 

I Plastic 

Power Dissipation 

Short Circuit Output Current 

• 256 refresh cydes every 4 ms 

.~~=:nIY, 
• High speed Read-whilB-Write cyde 
• IAR, tWCR. toHR, IRwo ere eliminated 
• Output unlatched ~e end allows 

twcHIimensionai chip select 
• Common I/O capability using 

Ealiy Write operation 
• On-dlip latches lor Addresses and 

Date-in 
• Standard 16-Pin Plastic Packages: 

DI!JMB81256-XXPI 
ZIP MB81256-XXPSZ) 

Stan IS-Pin Plastic PaCkage: 
PLCC(MB81256-XXPV) 

Standard 16-Pin Ceramic Packeges: 
DIUMB81256-XXC) SeemWeid 
DIP MB81256-XXZ) Cerdip 

Stan 18-Pad Ceramic Package: 
LCC (MB81256-XXTV) 

Symbol Value UnlI 

VIN. VOUT -110 +7 V 

Vee -110 +7 V 

TSlO -5510 +150 °c 
-5510 +125 

Po 1.0 W 

- 50 mA 

_ : Permanent device damage may occur if absolute maximum ratings ere exceeded. 
Functional operation shoUld be restricted 10 Ihe conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions fOr ex
tended periods may effect devICe reliability. 

Ccpjright@ 11180 by FWITSU LIMITED and Fujillu MIc .... IodJonIco.1nc. 

PLASTIC PACKAGE 
DlP-16P-M03 

PLASTIC PACKAGE 
LCC-18P-M04 

tI 
PLASTIC PACKAGE 

ZIP-16P-M01 
DIP·16C·A03: See Page 17 
Dlp·16C·A04: See Page 18 
Dlp·16C-C04: See Page 19 
LCC·18C·F04: See Page 24 

PIN ASSIGNMENT 

[1~6 DOUT 
~I!i A6 

TOP VIEW p_4 NC 

"3 A3 

:8 ~ 9-:;O~li~ 
AI \ A1AS 

Vee 

[lj A4 

Pin assignment for ZIP: See Page 21 

ThII __ cIraIIIryto_f1elnpoa l1li _ 
_duo to high .... lcvalageoor __ . _.1 
II acMud Ihat normal pnIC8IOIon& be _ to avoid appII_ 
01 any W>Itago high .. \han maximum _ voIagoo .. thll high 
Irq>odanoo ci"aJ1t. 
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MB81256-10 
MB81256-12 
MB81256-15 

Fig. 1 - MB 81256 BLOCK DIAGRAM 

CAS --~--------t-LJ---q r 1---_--11 CLOCK GEN. 
r L-/ 1 NO.2 

+ 
INTERNAL 
ADDRESS 
COUNTER ~ COLUMN 

DECODER 

~------------~ n 1 SENSE AMPS A 

AO-

1 

L r-...L... '-l----4...J 110 GATING 

:~= L... A ~i3J ~ _ ~j===========~ t " "..,/ iii~8 f-------
,If" C».J_ 

A3-

CAPACITANCE (TA = 25°C) 

Parameter 

Input Capacitance Ao to As, DIN 

Input Capacitance RAS, CAS, WE 

Output Capacitance DouT 

1-4 

262,144 BIT 
STORAGE CELL 

Symbol 

CIN1 

CIN2 

COUT 

Typ 

OATA 
IN 

BUFF. 
-DIN 

I 

DATA 
OUT r--DOUT 
BUFF. 

--Vee 

-Vss 

Max Unit 

7 pF 

10 pF 

7 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min Typ Max 

Vcc 4.5 5.0 5.5 
Supply Voltage 

Vss 0 0 0 

Input High Voltage, all inputs V 1H 2.4 6.5 

Input Low Voltage, all inputs V 1L -2.0 0.8 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

OPERATING CURRENT" MB 81256·10 

Average Power Supply Current MB 81256·12 Icc1 
(RAS, CAS cycling; tRc = Min.) 

MB 81256·15 

STANDBY CURRENT 
Standby Power Supply Current Icc2 
(RAS, CAS=V1H ) 

REFRESH CURRENT I" MB 81256·10 

Average Power Supply Current MB 81256·12 Icc3 
(RAS cycling, CAS = V 1H ; t RC = Min.) 

MB 81256·15 

PAGE MODE CURRENT" 
MB 81256·10 

Average Power Supply Current MB81256·12 Icc4 
(RAS = V 1L , CAS cycling; tpc = Min.) 

MB 81256·15 

REFRESH CURRENT 2" MB 81256·10 

Average Power Supply Current MB 81256·12 Iccs 
(CAS·before.RAS; tRc = Min.) 

MB 81256·15 

INPUT LEAKAGE CURRENT any input (V1N = OV to 
II(L) 5.5V, Vcc = 5.5V, Vss = OV, all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Data is disabled, 
lOlL) VOUT = OV to 5.5V) 

OUTPUT LEVEL Output Low Voltage (lOL = 4.2 mAl VOL 

OUTPUT LEVEL Output high Voltage (lOH = -5.0 mAl V OH 

Unit 

V 

V 

V 

V 

Value 

Min Typ 

-10 

-10 

2.4 

MB81256-10 
MB81256-12 
MB81256-15 

Operating 
Temperature 

O°C to +70°C 

Unit 
Max 

70 

65 mA 

57 

4.5 mA 

60 

5.5 mA 

50 

35 

30 mA 

25 

65 

60 mA 

55 

10 /lA 

10 /lA 

0.4 V 

V 

NOTE Icc is depended on output loading and cycle rates. Specified values are obtained with the output open. 1-5 



MB81256-10 
MB81256-12 
MB81256-15 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 1111111-' 

Parameter IIiID!J 
MB 81256·10 

Symbol 
Min Max 

Time between Refresh tREF 4 

Random Read/Write Cycle Time t Rc 200 

Read·Write Cycle Time t RWC 200 

Access Time from RAS 11111 t RAC 100 

Access Time from CAS mill t CAC 50 

Output Buffer Turn off Delay tOFF 0 25 

Transition Time tT 3 50 

RAS Precharge Time tRP 85 

RAS Pulse Width tRAS 105 100000 

RAS Hold Time tRSH 55 

CAS Pulsp Width tCAS 55 100000 

CAS Hold Time tCSH 105 

RASto CAS Delay Time I iii tRCO 20 50 

CAS to RAS Set Up Time tCRS 10 

Row Address Set Up Time t ASR 0 

Row Address Hold Time tRAH 10 

Column Address Set Up Time tAsc 0 

Column Address Hold Time tCAH 15 

Read Command Set Up Time tRcs 0 

Read Command Hold Time Referenced 
iii 0 

to CAS tRCH 

Read Command Hold Time Referenced 
iii 20 

to RAS tRRH 

Write Command Set Up Time III twcs 0 

Write Command Pulse Width twp 15 

Write Command Hold Time t WCH 15 

Write Command to RAS Lead Time t RWL 35 

Write Command to CAS Lead Time tCWL 35 

Data In Set Up Time tos 0 

Data In Hold Time tOH 15 

CAS to WE Delay III t cwo 15 

Refresh Set Up Time for CAS Referenced 
t FCS 20 

to RAS (CAS·before·RAS cycle) 

Refresh Hold Time for CAS Referenced to RAS 
t FCH 20 

(CAS·before·RAS cycle) 
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MB 81256·12 MB 81256·15 
Unit 

Min Max Min Max 

4 4 ms 

220 260 ns 

220 260 ns 

120 150 ns 

60 75 ns 

0 25 0 30 ns 

3 50 3 50 ns 

90 100 ns 

120 100000 150 100000 ns 

60 75 ns 

60 100000 75 100000 ns 

120 150 ns 

22 60 25 75 ns 

10 10 ns 

0 0 ns 

12 15 ns 

0 0 ns 

20 25 ns 

0 0 ns 

0 0 ns 

20 20 ns 

0 0 ns 

20 25 ns 

20 25 ns 

40 45 ns 

40 45 ns 

0 0 ns 

20 25 ns 

20 25 ns 

20 20 ns 

25 30 ns 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter .. Symbol 

CAS Precharge Time (CAS·before·RAS cycle) tCPR 

RAS Precharge to CAS Active Time 
t RPC (Refresh cycles) 

Page Mode Read/Write Cycle Time tpc 

Page Mode Read·Write Cycle· Time tpRWC 

Page Mode CAS Precharge Time tcp 

Refresh Counter Test Cycle Time .. t RTC 

Refresh Counter Test RAS Pulse Width .. t TRAS 

Refresh Counter Test CAS Precharge Time .. tCPT 

Notes: 

II An initial pause of 200 /JS is required after power·up. 
And then several cycle (to which any 8 cycle to per· 
form refresh are adequate) are required before proper 
device operation is achieved. 
If internal refresh counter is to be effective, a mini· 
mum of 8 CAS before RAS refresh cycles are required. 

I AC characteristics assume tT = 5 ns. 

BI V'H (min) and V'L (max) are refrence levels for mea· 
suring timing of input signals. Also, transition times 
are measured between V'H (min) and V'L (max.). 

I Assumes that tRco ~ tRCO (max.) If tRCO is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCO 
exceeds the value shown. 

II Assumes that tRco ~ tRCO (max.). 

I Measured with a load equivalent to 2 TTL loads and 
100 pF. 

MB81256-10 
MB81256-12 
MB81256-15 

MB 81256·10 MB 81256·12 MB 81256·15 
Unit 

Min Max Min Max Min Max 

20 25 30 ns 

20 20 20 ns 

100 120 145 ns 

100 120 145 ns 

40 50 60 ns 

330 375 430 ns 

230 10000 265 10000 320 10000 ns 

50 60 70 ns 

I Operation within the tRCO (max) limit insures that 
t RAC (max) can be met. tRCO (max) is specified as a 
reference point only; if tRCO is greater than the 
specified tRCO (max) limit, then access time is con· 
trolled exclusively by t CAC . 

I tRco (min) = tRAH (min) + 2tT (tT = 5ns) + tAsc 
(min). 

I Either tRRH or tRCH must be satisfied for a read cycle. 

II twcs and tcwo are not restrictive operating para· 
meters. They are included in the data sheet as elec· 
trical characteristics only. If twcs ~ twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
entire cycle. 
If tcwo ~ tcwo (min) the cycle is a read·write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis· 
fied the condition of the data out is indeterminate. 

II Test mode cycle only. 
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MB81256-12 
MB81256-15 

Read Cycle 

~------------------tRC-------------------------i 

~---------------tRAS--------------__ ~ 

tCSH 
' ____ -r--------tRsHI--------~ 

VIH- --~:Ir_;_t--------y--,. ~-----tCASI-------I r-:-Ir----------
VIL-

VIH
ADDRESSES VIL _ ' 

~:: - <,t;1~~i/:tt-,':c.:_' :_" _________ L~C:----tC-A-C------__t I:: 

DOUT 
VOH- ~~V~A~L~I~D~-~~ ________ _ 
VOL ,----------------HIGH-Z--------------(J DATA .1-

E:I Don't Cere 

Write Cycle (Early Write) 

VIH-

VIL-~~~~_ 

DOUT 

VOH _______________ HIGH_Z ______________ _ 

VOL - D Don't Cere 
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RAS 
V'H-
V'l-

V'H-
CAS V'l-

Read-Write/Read-Modify-Write Cycle 

tCSH 
tRSH 

,----~~--------------tCAS--------------~ 

MB81256-10 
MB81256-12 
MB81256-15 

ADDRESSES ~::: 

WE 

DOUT 

D'N 

RAS 

CAS 

ADDRESSES 

DOUT 

iNE 

V'H-
V'l-

VOH-
VOl-

I· 
DATA 

V'H-
V'l-

t------tRAC---I.:' t~O. SHIIID<~' to"'--H ----"r 

----------------------------------~\t ~ALID ~----------------__ ~~ ____________________________ ~'~ATA ~ ______________ __ 

V'H-

V'H-
V'l-

V'H-
V'l-

VOH-
VOl-

V'H 
V'l-

o Don't Car. 

Page Mode Read Cycle 

~------------------------tRAS,--------------------------1 

~====~SH:=======~::==~~====::~~ 
teAs 

J@l--tRCS 
tACH 

------~--------~r_~--------~II~--------------cr---

o Don'teare 

F?d V.lid Data 
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MB81256-10 
MB81256-12 
MB81256-15 

ADDRESSES 

RAS 

CAS 

ADDRESSES 

WE 

DOUT 

DIN 

1-10 

Page Mode Write Cycle 

V1H-

VIL-------~;t:t4=::~--------~++::::~~------~~--~~~;,:~~----------------

VOH-_________________ HIGH_Z ______________ _ 

VOL 

D Don't Care 

Page Mode Read-Write Cycle 

VIH-
V1L-

VIW 
VIL-

VIH -
VIL-

VIH-
VIL-

Vow 
VOL-

VIW 
VIL-

o Don'teare 



RAS 
V 1H-

V1L -

ADDRESSES 
VtH-

lAo to A71 VIL-

CAS 
VIH-

V 1L-

VOH -
DOUT VOL -

RAS 
V IH-

V IL-

CAS 
VIH-
V 1L-

DOUT 
VOH -
VOL-

R"AS-only Refresh cycle 
NOTE: WE, DIN = Don't care, As = V IH or V IL 

~----------------tRC------------------1 

f-------tRP-------I 

CAS-before-RAS Refresh Cycle 

NOTE: Address, WE, DIN = Don't care 

D Don'teare 

f---------------tRC-------------~ 

,-____________ ~ ~-------tRAS'-----~ ~----------_w 

MB81256-10 
MB81256-12 
MB81256-15 

J>------------------------H IGH-Z---------------------------

o Don'teara 
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MB81256-10 
MB81256-12 
MB81256-15 

RAs 

CAS 

ADDRESSES 

WE IRead) 

DOUT 

WE (Read·Write) 

RAS 

CAS 

ADDRESSES 

WfIReadl 

DOUT 

WEIWrite) 

D,N 
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Hidden Refresh Cvele 

V'H-
V'L-

V'H-
V'L-

V1H-

V 1L-

V 1H-

V'L-

COon'tea,. 

~befor&-RAS Ref .... h Counter Test Cycle 

VIH-
V 1L-

V 1H-

V1L-

VIH-
V 1L-

VOL-

V 1H-

VIL-

V, 
V 1L-

D Don't C.,. 



DESCRIPTION 
Simple Timing Requirement 
The MB B1256 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81256 
can operate under the condition of 
tRCO (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81256 has the 
minimal hold time of Address (tCAH l. 
WE" (tWCH) and DIN (toH). The 
MB 81256 provides higher through· 
put in inter-leaved memory system 
applications. Fujitsu has made timing 
requirements that are referenced to 
RAS nonrestrictive and deleted them 
from the data sheet, these include tAR, 
tWCR , tOHR and tRWO· As a result, 
the hold times of the Column Address, 
DIN and WE as well as t cwo (CAS to 
WE Delay) are not ristricted by tRco. 

Address Inputs: 
A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations with in the 
MB 81256. Nine row-address bits are 
established on the input pins (Ao 
to As) and are latched with the Row 
Address Strobe (RAS). Nine column
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited (or "gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (t RAH) speci
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-address. 

Write Enable: 
The read mode or write mode is selected 
with the M input. A high on WE 
selects read mode; low selects write 
mode. The data input is disable when 
read mode is selected. 

Data input: 
Data is written into the MB B1256 dur
ing a write or read-write cycle. The later 
falling edge of WE or CAS is a strobe for 
the Data In (DIN) register. In a write 
cycle, if WE is brought low before 

CAS, 0 IN is strobed by CAS, and the 
set-up and hold times are referenced to 
CAS. In a read-write cycle, WE can be 
delayed after CAS has been low and 
CAS to WE Delay Time (tcwo) has 
been satisfied. Thus DIN is strobed by 
WE, and set-up and hold times are 
referenced to Wi:. 

Data Output: 
The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read
write cycle, the output is valid after 
t RAC from transition of RAS when 
tRCO (max) is satisfi~ after tCAc 
from transition of CAS when the 
transition occurs after t~ (max). 
Data remain valid until CAS is re
turned to a high level. In a write cycle 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81256 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings 
described in the previous section. 
The output buffer is controlled by the 
state of WE" when CAS goes low. When 
WE" is low during CAS transition to low, 
the MB 81256 goes into the early write 
mode in which the output floats and the 
common I/O bus can be used on the 
system level. Whereas, when WE goes 
low after tcwo following CAS transi
tion to low, the MB 81256 goes into the 
delayed write mode. The output then 
contains the data from the cell selected 
and the data from DIN is written into 
the cell selected. Therefore, a very fast 
read write cycle (tRWC = t RC ) is 
possible with the MB 81256. 

Page Mode: 
Page-mode operation permits strobing 
the row-address into the MB 81256 
while maintaining RAS at a low through
out all successive memory operations 
in which the row-address doesn't chan
ge. Thus the power dissipated by the 

MB81256-10 
MB81256-12 
MB81256-15 

falling edge of RAS is saved. Access and 
cycle times are decreased because the 
time normally required to strobe a new 
row address is eliminated. 

Refresh: 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(Ao to A7) at least every 4ms. The 
MB 81256 offers the follOWing 3 types 
of refresh. 

RAS-only Refresh; 
RAS-only refresh avoids any output 
during refresh because the output 
buffer is in the high impedance state 
unless CAS is brought low. 
Strobing each of 256 row-addresses 
(Ao to A7) with RAS will cause all bits 
in each row to be refreshed. Further 
RAS-only refresh results in a substantial 
reduction in power dissipation. During 
RAS-only refresh cycle, either V IH or 
V IL is permitted to As. 

CAS-before-RAS Refresh; 
CAS-before-RAS refreshing available on 
the MB 81256 offers an alternate 
refresh method. If CAS is held "low" 
for the specified period (tFCS) before 
RAS goes to "low", on-ehip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform
ed, the refresh address counter is 
automatically incremented in prepara
tion for the next CAS-before-RAS 
refresh operation. 

Hidden Refresh; 
A hidden refresh cycle may takes place 
while maintaining the latest valid data 
at the output by extending CAS active 
time. 
For the MB 81256 a hidden refresh is 
a CAS-before-RAS refresh cycle. The 
internal refresh address counters pro
vide the refresh addresses, as ina normal 
CAS-before-RAS refresh cycle. 

CAS-before-~ Refresh Counter Test 
Cycle: 
A special timing sequence using CAS-

1-13 



MB81256-1 0 
MB81256-12 
MB81256-15 

before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of the CAS-before-RAS 
refresh activated circuitry_ 
After the CAS-befor-RAS refresh opera
tion, if CAS goes to high and then 
goes to low again while RAS is held low, 
the read and write operations are 
enabled. 
This is shown in the CAS-before-RAS 
counter test cycle timing diagram. 
A memory cell address (consisting of a 
row address (9 bits) and column address 
(9 bits) to be accessed can be defined 
as follows: 

*A ROW ADDRESS - Bits Ao to A7 

are defined by the refresh counter. 
The bit As is set high internally. 

* A COLUMN ADDRESS - All the bits 
Ao to Ae are defined by latching 
levels on Ao to Ae at the second 
falling edge of CAS. 

Suggested CAS-before-RAS Counter 
Test Procedure 
The timing as shown ,in the CAS-before
IfAS Counter Test cycles is used for 
the following operations: 

(1) Initialize the internal refresh ad
dress counter by using eight CAS
before-RAS refresh cycles. 

(2) Throughout the test, use the same 

column address, and keep RAS 
high. 

(3) Write "low" to all 256 row ad
dress on the same column address 
by using normal early write cycles. 

(4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh ad
dress counter. 

(5) Read "high" written in step 4) and 
check ,by using normal read cycle 
for all 256 locations. 

(6) Complement the test pattern and 
repeat step 3), 4) and 5). 

Fig_ 2 - CURRENT WAVEFORM (VCC=5.5V, TA = 25°C) 

RAS/CAS Cycle Hidden Refresh Cycle RA5-only Refresh Cycle Page Mode Cycle 

RAS --" /"r--
CAS - ~ ~ J f--

« 160 

E 120 u 
2 

80 

40 

A A ~ 
\ \ \ 

Ilia ~ rIAl \ , /' \ 1\,./ ~ AI 
~v \ 'r-I 1\.1 V \.. U N 'v I\.. J I'-.< " \.. IJ U L I-

SOns/Division 
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TYPICAL CHARACTERISTICS CURVES 

Fig. 3 - NORMALIZED ACCESS TIME 
vsSUPPLY VOLTAGE 
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Fig. 5 - OPERATING CURRENT 
vsCYCLE RATE 
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vs AMBIENT TEMPERATURE 

~ 60~~---+---r--~--+-~ 
a 
~ 5Of-~---+--~--~--+-~ 
j: 

~ 4of---;f--t---t----+---+---I 
w 
Q. 

o 
30f-~r--t---t----+---+---I 

o 
~ 20 

-~2~0~0~~20~~4~0--~6~0--±SO~~100 
T A. AMBIENT TEMPERATURE (oC) 

MB81256-10 
MB81256-12 
MB81256-15 

Fig. 4 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 
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Fig. 6 - OPERATING CURRENT 
vs SUPPL Y VOLTAGE 
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Fig. 9 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 11 - REFRESH CURRENT 1 
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Fig. 10 - REFRESH CURRENT 1 
vs CYCLE RATE 
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Fig. 12 - PAGE MODE CURRENT 
vsCYCLE RATE 
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Fig.14-REFRESH CURRENT 2 
vsCYCLE RATE 
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Fig. 16 - ADDRESS AND DATA INPUT 
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PACKAGE DIMENSIONS 
Standard 16·pin Ceramic DIP (Suffix: -C) 

DIP·16C·A03 

16·LEAD CERAMIC (METAL SEAL)DUAL IN·LINE PACKAGE 
(CASE No.: DIP·16C·AD3) 

.100±.OlD 
(2.S4±O.25) 

© 1988 FUJITSU LIMITED 016035S-3C 

.700(17.78)REF 

.047~:~6~(1.20~~:~~) 

W·20015.08IMAX 

.134±.014 
(3.40±O.36) 

.032±.012 
10.81±0.301 

MB81256-10 
MB81256-12 
MB81256-15 

Dimensions in 
inches (millimeters) 
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MB81256-10 
MB81256-12 
MB81256-15 

PACKAGE DIMENSIONS 
Standard 16-pin Ceramic DIP (Suffix: -C) 

DIP-16C-A04 

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16C-A04) _- __ ~l 00t090 

1-20 

.100'.010 
12.54'0.251 

Cl1988 FUJITSU LIMITED D16044S·2C 

.0431 I .09ITVP 
1.4 PLCSI 

~~Tf 
.300'.010 

_=:l!:::=j=~:;:';!I7J.251 

U .2ooI5.08IMAX 

.035 •. 015 
10.89.0.361 

.134'.014 
13.40.0.361 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
Standard 16-pin Ceramic DIP (Suffix: -Z) 

DIP-16C-C04 

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No. : Dlp·16C-C04) 

.100:1;.010 
(2.54' 0.251 

@1988 FUJITSU LIMITED 016032S-4C 

.018~:~~: 
(O.46~g:~~) 

MB81256-10 
MB81256-12 
MB81256-15 

Dimensions in 
inch" (millimeters) 
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MB81256-10 
MB81256-12 
MB81256-15 

PACKAGE DIMENSIONS 
Standard 16-pin Plastic DIP (Suffix: -PI 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M031 

.050 (1.27) 

MAX 

r-766+·008 (1945+0.20)~ I r-, r"1' -.012 . -0.30 n, rll 

.100 (2.54) -++----'7'= 
TYP 

40 1988 FUJITSU LIMITED D16000S-3C 

Standard 18-pin Plastic LCC (Suffix: -POI 

til-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No_: LCC-t8P-M041 

40 1980 FUJITSU LIMITED C180198-1C 

1-22 

.322±.OO5 
(8.18±O.131 
~ 
(7.2 i')~1!8i ) 

P-i' INDEXl 

--+-- (12.45±O.OB) 

itJJ 
!!~ ~~ 

.026(0.66) 
TVP 

I 

.025(0.64) MIN 

F~ 
p- .00410.,011 1 

b :I .468± .020 . t:::- 111.89.0.511 

~~ 
l!;;;;;;~ R.030tO.75)TYP 

150(3.81) 

@: l.EADNo. 

Dimensions in 
inches (millimeters) 

Dlmenlionlin 
Inch .. (mIIl!"8lOI1I) 



PACKAGE DIMENSIONS 
Standard 16-pin Plastic ZIP (Suffix: -PSZ) 

LEAD 
No.1 

PIN ASSIGNMENT 

ZIP-16P-M01 

16 

16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE No.: ZIP-16P-M01) 

.803 

INDEX 

d 
I 
I I 

.05011.27) 
TYP 

LEAD NO.~ 

+ 008 +020 
-:012120.40-0:30) 

.020±.004 
10.50±0.10) 

. I 
I 
1 
.260±.0 
6.60±0. 

~ 

ULtlr----..-O ------0 ---,o.,...........,o....----.or-~-......--. 
OUUUU_ 

IBOTTOM VIEW) 
@ 

.1_ FUJITSU LIMITED ZleoolS~ 

10 
25) 

.010±.002 

(0.25±0.05) 

'- I-

MB81256-10 
MB81256-12 
MB81256-15 

I 12± 008 
12.85±0.20) 

. t 
.312±.013 

17.93±0.33) 

?~--
.118(3.00) MIN 

--.l 
. I 0012.54) TYP 

IROW SPACE) 

Dimensions in 
inches (millimetres) 
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MB81256·10 
.MB81256·12 
MB81256·15 

PACKAGE DIMENSIONS 
Standard l8-pad Ceramic LCC (Suffix: -TV) 

LCC-18C-F04 

l8-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No_: LCC-18C-F04) 

1·24 

PIN NO.1 INDEX 

\ 
b 

.280(7.11) 

.295(7.49) 

n 
.48502.32) 
.50002.70) 

*Shape of Pin 1 index: Subject to change without notice 

TYP 

1.115(2.92) 
MAX 

.070(1.78) 

TYP 

Dimension in 
inches (millimetersl. 
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Edition 2.0 

MB81256-BO 

00 

DATA SHEET 
FUJITSU 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 

262,144 Bit Dynamic Random Access Memory 
The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access 

memory organized as 262,144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Mu~iplexed row and column address inputs permn the MB81256 to be housed in 
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform 
to the JEDEC-approved pinouts. AddHionally, the MB81256 offers new functional 
enhancements that make n more versatile than previous dynamic RAMs. ~-before
RJffi" refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81256 also features page mode which allows high speed random 
access of up to 512 bHs of data within the same row. 

The MB81256 is fabricated using silicon gate NMOS and FujHsu's advanced 
Triple-layer Polysilicon process. This process, coupled wHh single-transistor memory 
storage cells, permHs maximum circuH density and minimal chip size. Dynamic 
circuHry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncrHical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 

• 262,144 x 1 RAM organization 
• Silico"1late. Triple Poly NMOS. 

single Iransistor cell 
• Row Access Time (tR/lC1 

80 ns max. (MB 812:;6-80) 
• Random Cycle Time (tRC) 

175 ns min. (MB 81256-80) 
• Page Mode Cycle Time (!Pc) 

100 ns max. (MB 81256-80) 
• Single..s V Supply. ±10% tolerance 
• Low Power 

385 mWmax. (MB81256-80) 
25 mW max. (standby) 

• 256 refresh cycles every 4 ms 
• ~-before-ltlIS. ltlIS-only. 

Hidden refresh capability 

• High speed Read·white-Write cycle 
• tAR. tWCR. toHR. tmw are eliminated 
• Output unlatched ~cle end allows 

twCKiimensional chiP select 
• Common VO capability using 

Early Write oparation 
• On-chip latches for Addresses and 

Data-in 
• Standard IS-Pin Plastic Packages: 

DIP (MB81256-XXP) 
ZIP (MB81256-XXPSZ) 

Standard IS-Pin Plastic PaCkage: 
PLCC(MB81256-XXPV) 

Standard 16-Pin Ceramic Package: 
DIP (MB81256-XXC) 

Absolute Maximum Ratings (See Note) 

Parameter Symbol Value Unit 

Voltage at any pin relatiw to V ss VIN. Your -1 to +7 V 

Voltage of Vcc supply relative to Vss Vcc -1 to +7 V 

Storage Temperature I Ceramic TSTG -55 to +150 °c 

I Plastic -55 to +125 

Power Dissipation Po 1.0 W 

Short Circuit Output Current - 50 rnA 

_: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be reslricted to the conditions as detailed in the oparation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex
tended periods may affect devlC9 reliability. 

Copjrlght © 1990 by FUJITSU LIMITED Mel Fujlblu M_ronk:o.lnc. 

PLASTIC PACKAGE 
DIP·16P.M03 

PLASTIC PACKAGE 

LCC·18P·M04 

PLASTIC PACKAGE 
ZIP·16P·M01 

DIP-16C-A03: See Page 17 
DIP-16C-A04: See Page 18 

PIN ASSIGNMENT 

o 
16°otn 

Pin assignment for ZIP: See Page 22 

This devIoe contains circuitry to protect the Inputs against 
dM1age due to tigh static voltages or electric fields_ However. II: 
Is acMsed that normal precautions be takan to avoid application 
01 any IIOI1ago higher than maximum rated Vollag98 10 this high 
In.,edance circuit. 
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Fig. 1 - MB 81256 BLOCK DIAGRAM 

AS CLOCK GEN. I NO.1 

1 AS I 
M-J 

CLOCK GEN. 

I NO.2 WRITE 
CLOCK -
GEN. 

REFRESH 
I---CONTROL 

CLOCK 

• 
INTERNAL .----- ADDRESS 

--=) 
DATA 

COUNTER COLUMN IN -- DECODER BUFF 

=~~" 
... I 

I SENSE AMPS 
1/0 GATING 

" { :1:_ - j j ;.-..... u.J 
r-rv' iii~8 r---~ 

0l..J_ - DATA a: '---- OUT -w - r-- Cl BUFF 

~ 
0 
U 262,144 BIT - w 

-~ ~ 
Cl STORAGE CELL 

:1:_ ;: f-U;: 
-f-O r-,; 0 
"'«a: a: 

-Vee =u 0l..J_ 

_r---
-Vss 

DOUT 

AS 

CAPACITANCE (TA = 25°C) 

Parameter Symbol Typ Max Unit 

Input Capacitance Ao to As. DIN CIN1 7 pF 

Input Capacitance RAS. CAS. WE CIN2 10 pF 

Output Capacitance DOUT COUT 7 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min Typ Max Unit 
Operating 

Temperature 

Vcc 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

Input High Voltage, all inputs VIH 2.4 6.5 V O°C to +70°C .. 
Input Low Voltage, all inputs VIL -2.0 0.8 V 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Value 
Parameter Symbol Unit 

Min Typ Max 

OPERATING CURRENT" 
Average Power Supply Current MB 81256·80 ICCl 70 rnA 
(RAS, CAS cycling; t RC ~ Min.) 

STANDBY CURRENT 
Icc2 4.5 rnA 

Standby Power Supply Current (RAS, CAS ~ VIH ) 

REFRESH CURRENT 1" 
Average Power Supply Current MB 81256-80 Icc3 60 rnA 
(RAS cycling, CAS ~ VIH ; t RC ~ Min.) 

PAGE MODE CURRENT" 
Average Power Supply Current MB81256·80 Icc4 35 rnA 
(RAS ~ V IL , CAS cycling; tpc ~ Min.) 

REFRESH CURRENT 2" 
Average Power Supply Current MB 81256·80 Icc5 65 rnA 
(CAS·before·RAS; tRC ~ Min.) 

INPUT LEAKAGE CURRENT any input 
(V IN ~ OV to 5.5V, Vcc ~ 4.5V to 5.5V, Vss ~ OV, II(L) -10 10 /lA 
all other pins not under test ~ OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) -10 10 /lA (Data is disabled, VOUT ~ OV to 5.5V) 

OUTPUT LEVEL 
VOL 0.4 V 

Output Low Voltage (I OL ~ 4.2mA) 

OUTPUT LEVEL 
2.4 V 

Output High Voltage (loH ~ -5.0mA) VOH 

NOTE": Icc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 111'11111-

Value 
Parameter -- Symbol Unit 

Min Max 

Time between Refresh tREF 4 ms 

Random Read/Write Cycle Time t RC 175 ns 

Read-Write Cycle Time t RWC 180 ns 

Access Time from RAS III!! t RAC 80 ns 

Access Time from CAS III!! t CAC 45 ns 

Output Buffer Turn off Delay tOFF 0 25 ns 

Transition Time tT 3 50 ns 

RAS Precharge Time tRP 80 ns 

RAS Pulse Width tRAs 85 100000 ns 

RAS Hold Time tRSH 50 ns 

CAS Pulse Width tCAS 50 100000 ns 

CAS Hold Time tCSH 85 ns 

RAS to CAS Delay Time fH) tRco 20 35 ns 

CAS to RAS Set Up Time tCRS 10 ns 

Row Address Set Up Time tASR 0 ns 

Row Address Hold Time tRAH 10 ns 

Column Address Set Up Time t ASC 0 ns 

Column Address Hold Time tCAH 15 ns 

Read Command Set Up Time t RCS 0 ns 

Read Command Hold Time Referenced to CAS Ii] tRCH 0 ns 

Read Command Hold Time Referenced to RAS m tRRH 20 ns 

Write Command Set Up Time 1m twcs 0 ns 

Write Command Pulse Width twp 15 ns 

Write Command Hold Time tWCH 15 ns 

Write Command to RAS lead Time tRWL 35 ns 

Write Command to CAS lead Time tcwL 35 ns 

Data In Set Up Time tos 0 ns 

Data In Hold Time tOH 15 ns 

CAS to WE Delay 1m tcwo 15 ns 

Refresh Set Up Time for CAS Referenced to RAS 
tFCS 20 ns 

(CAS-before-RAS cycle) 

Refresh Hold Time for CAS Referenced to RAS 
tFCH 20 

(CAS-before-RAS cycle) 
ns 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Imm!.I 

CAS Precharge Time (CAS-before-RAS cycle) 

RAS Precharge to CAS Active Time (Refresh cycles) 

Page Mode Read/Write Cycle Time 

Page Mode Read-Write Cycle Time 

Page Mode CAS Precharge Time 

Refresh Counter Test Cycle Time III 

Refresh Counter Test RAS Pulse Width III 

Refresh Counter Test CAS Precharge Time III 

Notes: 

D An initial pause of 200 IlS is required after power-up. 
And then several cycle (to which any 8 cycle to per· 
form refresh are adequate) are required before proper 
device operation is achieved. 
If internal refresh counter is to be effective, a mini
mum of 8 CAS before !'lAS refresh cycles are required. 

II AC characteristics assume tT = 5 ns. 

II V'H (min) and V'L (max) are refrence levels for mea
suring timing of input signals. Also, transition times 
are measured between V'H (min) and V'L (max.). 

I Assumes that t RCD ~ t RCD (max.) If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that tRCD 
exceeds the value shown. 

II Assumes that t RCD ~ tRCD (max.). 

m Measured with a load equivalent to 2 TTL loads and 
100 pF. 

MB81256-80 

Value 
Symbol Unit 

Min Max 

t CPR 20 ns 

tRPC 20 ns 

tpc 100 ns 

t pRWC 100 ns 

tcp 40 ns 

t RTC 330 ms 

tTRAS 230 10000 ns 

t CPT 50 ns 

II Operation within the t RcD (max) limit insures that 
t RAC (max) can be met. t RCD (max) is specified as a 
reference point only; if tRCD is greater than the 
specified t RCD (max) limit, then access time is con
trolled exclusively by tCAc. 

m t RCD (min) = tRAH (min) + 2tT (tT = 5ns) + t ASC 
(min). 

m Either tRRH or t RCH must be satisfied for a read cycle. 

III twcs and tcwD are not restrictive operating para
meters. They are included in the data sheet as elec
trical characteristics only. If twcs ~ twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
entire cycle. 
If tCWD ~ tCWD (min) the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis
fied the condition of the data out is indeterminate . 

• Test mode cycle only. 
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1·30 

RAS 
VIH-
V 1L -

CAS 
VIH-
VIL -

Read Cycle 

~------------------tRC------------------------~ 

r-----------------t RAS-----------------j 

J-~-----tRsHI-------_t"~ 

------~~--------T_~ ~----tCAS-----, r-~Y----------------

ADDRESSES 
VIH-

VIL -

WE 

DOUT 

RAS 

CAS 

VIH 
VIL-

VOH-

VOL 

VIH-
VIL -

!---tCAC 

r-------------tRAC:------------~ 

Ir--""V"'A-L'""I D:--......,,[ 
------------------H IGH·Z ----------------<J'-I __ :;;.;DA..:.T;,,;A'---'I 

o Don't Care 

Write Cycle (Early Write) 

tCSH 

VIH-

1---------tRsH--------~ 

~~~~--~-t::::~~~::~J----------tCAs------~ ,. __ ~-----------------
VIL-

V . 
ADDRESSES V::'::-

VIH 

VIL-~~ __ ~ __ ~~~--~--~----~ __ ----------------~-----------

DOUT VOH -------------------------------HIGH-Z-------------------------------
VOL-

o Don't Care 



MB81256-80 

V'H-
RAS V ,L -

V'H-
CAS V'L-

V'H-
ADDRESSES V'L-

WE 
V'H-
V'L-

DOUT 
VOH-
VOL-

D,N V'H-
V'L--

Read-Write/Read-Modify-Write Cycle 

~-----------------------------~tR~W~C~=================::j~====::~ r-----------------------tRAs-

tRSH 

--~-r---------------tCAS--------------~ 

I· 1------tRAC:-------r-=tDS~t=!li~~t~DH-----'I 
----------------------------------~\t ~ALID ~----------------_____________________________________ /~ATA ~ ________________ _ 

D Don't Care 

Page Mode Read Cycle 

~----~----------~~------t-R-A-S-------,.,~------------------.t-R-S-H---.--.. ~ 

ADDRESSES V'L-

DOUT 

V'H 
V I L - _______ oJ 

o Don'tCar. 

~ Valid Oat. 
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RAS 

CAS 

ADDRESSES 

WE 

DIN 

DOUT 

ADDRESS 

DOUT 

1·32 

V IH -

V IL -

V IH -

V IL -

V IH -

V IL -

VOH-

V OL -

Page Mode Write Cycle (Early Write) 

~--------------------------tRAs------------------------~~-II~ 

1'---------l~-·-----tRSH:::::1l__tRP...j'--

------------------------------HIGH-Z-----------------------------
D Don't Care 

Page Mode Read-Write Cycle 

D Don't Care 



RAS 

ADDRESSES 
(AO to A7) 

CAS 

DOUT 

RAS 
V 1H -

V 1L-

CAS 
V1H-

V,L-

DOUT 
V OH -

VOL -

V 1H-

V 1l -

V 1H -

V 1L -

V 1H -

V tL -

VOH -

VOL -

MB81256-80 

i'iAS-only Refresh cycle 

NOTE: WE, D'N = Don't care, As = V,H or V,L 

~------------------tRC------------------__ ~ 

CAS-before-RAS Refresh Cycle 

NOTE: Address, WE, D'N = Don't care 

~-------tRP-------

o Don't Care 

~----------------tRC----------------~ 

~----------------------HIGH-Z:--------------------------

D Don't ears 
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Hidden Refresh Cycle 

RAS 
V'H-
V'L-

CAS 

ADDREsses 

WE '(Read) 

DOUT 

WE (Read-Write) 
VIH-

I!J Don't Care 

~before-RAS Refresh Counter Test Cycle 

m Don·tCa,. 
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DESCRIPTION 
Simple Timing Requirement 
The MB 81256 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81256 
can operate under the condition of 
tRCD (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81256 has the 
minimal hold time of Address (tCAH). 
WE (tWCH) and DIN (tDH ). The 
MB 81256 provides higher through· 
put in inter·leaved memory system 
applications. Fujitsu has made timing 
requirements that are referenced to 
RAS nonrestrictive and deleted them 
from the data sheet, these include tAR, 
tWCR , tDHR and tRWD· As a result, 
the hold times of the Column Address, 
DIN and WE as well as tCWD (CAS to 
WE Delay) are not ristricted by t RCD . 

Address Inputs: 
A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81256. Nine row·address bits are 
established on the input pins (Ao 
to Ae) and are latched with the Row 
Address Strobe (RAS). Nine column· 
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad· 
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited (or "gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (tRAH) speci· 
fication has been satisfied and the 
address inputs have been changed from 
row·addresses to column·address. 

Write Enable: 
The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode; low selects write 
mode. The data input is disable when 
read mode is selected. 

Data input: 
Data is written into the MB 81256 duro 
ing a write or read·write cycle. The later 
falling edge of WE or CAS is a strobe for 
the Data In (DIN) register. In a write 
cycle, if WE is brought low before 

CAS, DIN is strobed by CAS, and the 
set·up and hold times are referenced to 
CAS. In a read·write cycle, WE can be 
delayed after CAS has been low and 
CAS to WE Delay Time (tCWD) has 
been satisfied. Thus DIN is strobed by 
WE, and set·up and hold times are 
referenced to WE. 

Data Output: 
The output buffer is three·state TTL 
compatible with a fan·out of two 
standard TTL loads. Data out is the 
same polarity as data·in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read· 
write cycle, the output is valid after 
tRAC from transition of RAS when 
tRCD (max) is satisfie~ after t CAC 
from transition of CAS when the 
transition occurs after tFU;];L (max). 
Data remain valid until CAS is reo 
turned to a high level. I n a write cycle 
the identical sequence occurs, but data 
is not valid. 

Fast Read·While·Write cycle 
The MB 81256 has a fast read while 
write cycle which is achieved by precise 
control of the three·state output buffer 
as well as by the simplified timings 
described in the previous section. 
The output buffer is controlled by the 
state of WE when CAS goes low. When 
WE is low during CAS transition to low, 
the MB 81256 goes into the early write 
mode in which the output floats and the 
common I/O bus can be used on the 
system level. Whereas, when WE goes 
low after tCWD following CAS transi· 
tion to low, the MB 81256 goes into the 
delayed write mode. The output then 
contains the data from the cell selected 
and the data from DIN is written into 
the cell selected. Therefore, a very fast 
read write cycle is possible with the 
MB 81256. 

Page Mode: 
Page·mode operation permits strobing 
the row·address into the MB 81256 
while maintaining RAS at a low through· 
out all successive memory operations 
in which the row-address doesn't chan· 
ge. Thus the power dissipated by the 

MB81256-80 

falling edge of RAS is saved. Access and 
cycle times are decreased because the 
time normally required to strobe a new 
row address is eliminated. 

Refresh: 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row·addresses 
(Ao to A7) at least every 4ms. The 
MB 81256 offers the following 3 types 
of refresh. 

RAS-only Refresh; 
FfAS-only refresh avoids any output 
during refresh because the output 
bufter is in the high impedance state 
unless CAS is brought low. 
Strobing each of 256 row-addresses 
(Ao to A7) with ~ will cause all bits 
in each row to be refreshed. Further 
RAS·only refresh results in a substantial 
reduction in power dissipation. During 
RAS·only refresh cycle, either V IH or 
V IL is permitted to As. 

CAS·before·RAS Refresh; 
CAS·before·RAS refreshing available on 
the MB 81256 offers an alternate 
refresh method. If CAS is held "low" 
for the specified period (tFCS) before 
RAS goes to "low", on·chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform· 
ed, the refresh address counter is 
automatically incremented in prepara· 
tion for the next CAS·before·RAS 
refresh operation. 

Hidden Refresh; 
A hidden refresh cycle may takes place 
while maintaining the latest valid data 
at the output by extending CAS active 
time. 
For the MB 81256 a hidden refresh is 
a CAS-before·RAS refresh cycle. The 
internal refresh address counters pro· 
vide the refresh addresses, as in a normal 
CAS·before·RAS refresh cycle. 

CAS·before·RAS Refresh Counter Test 
Cycle: 
A special timing sequence using CAS-
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before- RAS counter test cycle provides 
a convenient method of verifying the 
functionality of the CAS-before-RAS 
refresh activated circuitry_ 
After the CAS-befor-RAS refresh opera
tion, if CAS goes to high and then 
goes to low again while RAS is held low, 
the read and write operations are 
enabled_ 
This is shown in the CAS-before-RAS 
counter test cycle timing diagram_ 
A memory cell address (consisting of a 
row address (9 bits) and column address 
(g bits) to be accessed can be defined 
as follows: 

• A ROW ADD RESS - Bits Ao to A7 

are defined by the refresh counter_ 
The bit A8 is set high internally_ 

• A COLUMN ADDRESS - All the bits 
Ao to As are defined by latching 
levels on Ao to As at the second 
falling edge of CAS_ 

Suggested CAS-boforo-RAS Counter 
Test Procedure 
The timing as shown in the CAS-before
RAS Counter Test cycles is used for 
the following operations: 

(1) Initialize the internal refresh ad
dress counter by using eight CAS
before-RAS refresh cycles. 

(2) Throughout the test, use the same 

column address, and keep RAB 
high. 

(3) Write "low" to all 256 row ad
dress on the same column address 
by using normal early write cycles. 

(4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh ad
dress cou nte r. 

(5) Read "high" written in step 4) and 
check by using normal read cycle 
for all 256 locations . 

(6) Complement the test pattern and 
repeat step 3). 4) and 5). 

Fig. 2 - CURRENT WAVEFORM (VCC = 5.5V, TA = 25°C) 
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TYPICAL CHARACTERISTICS CURVES 
Fig. 3 - NORMALIZED ACCESS TIME 

vs SUPPLY VOLTAGE 
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vs CYCLE RATE 
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MB81256-80 

PACKAGE DIMENSIONS 
(Suffix: -C) 

DIP-16C-A03 

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No_: DIP-16C-A03) 

_",:::..,100t09° 

R.050(1.271 
REF 

.100±.010 
(2.54±0.251 

.700(17.78IREF 

.047~:g~;(1.20~g:~~1 
©1987 FUJITSU LIMITED D16035S-3C 

~1 
.3OO±.010 

........,=::I:==l=l=']'" 
l.ol0±.002 

(0.25±0.051 

W·200 (5.08IMAX 

.134±.014 
(3.40±0.361 

.032±.012 
(0.81±0.301 

Dimensions in 
inches (millimeters) 
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MB81256-80 

PACKAGE DIMENSIONS 
(Suffix: -C) 

R.030(0.76)" 
TVP 

DIP-16C-A04 

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No_: DIP-16C-A04) 1 

_--::::~ 0° togo 

1T 
I 

.300t.01O ~ [ INDEX AREA 

"" "' 
=:I = = 

) 
= = = .......... .......,'--~91=====:~]'" 

! .010±.002 
(0.25.0.05) 

1-42 

.100±.010 
(2.54±0.25) 

.700(17.7S)REF 

.050::~~~ (1.27:~:~~) 
@1987 FUJITSU LIMITED D16044S-2C 

.043(1.09)TVP 
(x4 PLCS) 

.035±.015 
(0.89±0.3S) 

.200(5.0S)MAX 

.134 •. 014 
(3.40>0.36) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: -PI 

(Suffix: -PO) 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M03) 

::~:~::::: :J3~~' 
I 766+.008(1945+0.2,J L,) LJ I 

• . -.012 . -0.3----l 

.033~:g~~ 

(0.85~g:~, 

©1987 FUJITSU LIMITED D16030S-2C 

.047~0012 

(1.2~g·3) 

18-LEAD PLASnC LEADED CHIP CARRIER 
(CASE No.: LCC-18P-M04) 

322 + 005 

285 t .003 
(7.24 + 0.08) 

, I~ 

p 
, (INDEXI 

134 ~ :gg~(3.40 ~g:6~) r ~- 060(1 521 MIN 

I. r 1 ~025(064IMIN 

15Jo05 ~~- --1 
I (13.3r+ O.131 {~[OO4(O.10}11 

490±.003 .468±.020 
-E - l

I 
i 
illl_-=r511 

026(0.66) 
TYP 

I 

I il .617(043) 
I ,I TVP I 
!.J63 + .02Qj 

(B.BBtD.51) 

A.OJOrO 75) TYP 

.19119 FUJITSU LlMITEDCI8Q1QS-1C 

MB81256-80 

~~~==~'15°MAX 

.010~:gg~ 

(O.25~g:~~ ) 

@.: LEAD No. 

. 300 •. 010 
(7.62,0.25) 

Dimensions in 
inches (millimeters) 

Dimanslons in 
Incheo (rriNlmoters) 
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PACKAGE DIMENSIONS 
(Suffix: -PSZ) 

LEAD 
No.1 

PIN ASSIGNMENT 

Zlp·16P .... 01 

16 

16-LEAD PLASTIC ZlGZAG-IN·UNE PACJAGE 
(CASE No.: ZIP-16P·M01) 

'803~:~C20'4~g:~I----"l11 

~~;r'iNFOE~X9T;riFtinf9fi~9T;riFuU.~O~) 

fYY525?S252525V 
'" 1987 FUJITSU LIMITED 216001S-3I: 

1-44 

.'12:1:.008 
12.85:1:0.2J 

.32718.31 

±o .. 
~ 

1.100(2.541 
TV' 

DImon8Ions In 
inchas (milimatars) 
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Edition 5.0 

MB81257-101-121-15 

cO 

DATA SHEET 
FUJITSU 

MOS 262, 144-BIT DYNAMIC RANDOM ACCESS MEMORY 
262,144-81t Dynamic Random Access Memory 

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access 
memory organized as 262,144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Muttiplexed row and column address inputs permit the MB81257to be housed in 
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform 
to the JEDEC-approved pinouts. Additionally, the MB81257 offers new functional 
enhancements that make it more versatile than previous dynamic RAMs. C1tS-before
RJffi" refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81257 also features nibble mode which allows high speed serial 
access of up to 4 bits of data. 

The MB81257 is fabricated using silicon gate NMOS and Fujitsu's advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry Is used in the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 

• 262,144 x 1 RAM organization 
• Silioon-gate, Triple Poly NMOS, 

single transistor cell 
• Row Access lime 

100 ns max. 1MB 81257-101 
120 ns max. MB81257-12 
120 ns max. MB 81257-15 

• Cycle lime 
200 ns min. 1MB 81257-10) 
220 ns min. MB 81257-12! 
260 ns min. MB81257-15 

• Nibble Cycle lime 
45 ns max. 1MB 81257-10! 
5Onsmax. MB81257-12 
60 ns max. (MB81257-15) 

• Single +5 V Supply, ±10% tolerance 

• LowPower 
385 mwmax.IMB 81257-10) 
358 mW max. MB 81257-12 
314mWmax. MB81257-15! 
25 mW max. (standby) 

Ab It M so u e aXlmum R atmgs 
Parameter 

Voltage at any pin relatiw to Vss 

Vottege of Vee supply relative to Vss 

Storage TemperalUre I Ceramic 

I Plastic 

Power DiSsipation 

Short Circuit Output Current 

• 256 refresh cyeles every 4 ms 
• ~~,~-cnly, 

Hidden refresh capability 
• High speed Read-white-Write cycle 
• 1M, twcR. toHR, !Awo are eliminated 
• Output unlatched !l¥cle end allows 

lWCKIimensionai clup select 
• Common 110 capabilitY using 

Early Write operation 
• On-chip latches for Addresses and 

Data-in 
• Standard IS-Pin Plastic Packages: 

DIP (MB81257-XXP) 
ZIP (MBSI257-XXPSZ) 

Standard IS-Pin Plastic Package: 
PLCC(MB81257-XXPV) 

Standard IS-Pin Ceramic Packages: 
DIP IMBBI257-XXC) Seem Weld 
DIP MBBI257-XXZ) Cerdip 

Standard IS-Pad Ceramic Package: 
LCC (MBBI257-XXTV) 

Symbol Value Unit 

VIN. VOUT -1 to +7 V 

Vee -1 to +7 V 

T8TG -55 to +150 °c 
-55 to +125 

Po 1.0 W 

- 50 rnA 
_. Permanent dellice damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be reslricted to the conditions as detailed in the operation 
sections of this data sheel Exposure to absolute maximum rating conditions tor ex
tanded periods may affect deVICe reliabilitY. 

Copyright © 1990." FUJITSU LIMITED IIId FujIIIu 1I __ 1co. Inc. 

PLASTIC PACKAGE 
DIP-16P-M03 

PLASTIC PACKAGE 
LCC-18P-M04 

PLASTIC PACKAGE 
ZIP-16P-M01 

DIP·16C·A03: See Page 19 
DIP·16C·A04: See Page 20 
DIP·16C·C04: See Page 21 
LCC·18C·F04: See Page 24 

PIN ASSIGNMENT 

AS 
DIN (vss CAS 

~~t~f~~lJ; 

Pin assignment for ZIP: See page 23 

TbII_ canlalnI c!raJ"IY'" ptaIeCIlle """" auU* 
.-.-due '" high ... Ic"",- or al""'le _. Hoooowr. I 
10 adYIaod thai normal P*8LlIona be taken .. avaid application 
~~lherlhan ITIOldRMIm ,_voIagOllothls hlitl 
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MB81257-10 
MB81257-12 
MB81257-15 
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Fig. 1 - MB 81257 BLOCK DIAGRAM 

CLOCK GEN. 
NO.1 

I CLOCK GEN. 

H-J L 
NO.2 
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~ COLUMN 
DECODER 

SENSE AMPS 
A 

I/O GATING 
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Cl 
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Parameter Symbol Typ 

Input Capacitance Ao to As , D'N C'N1 

Input Capacitance RAS, CAS, WE C'N2 

Output Capacitance DOUT COUT 
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WRITE 
CLOCK ;--' 
GEN. 

! 
DATA 

IN -I 
BUFF. 

I 

~ ~ 
DATA 

"-- OUT -BUFF. 

-Vee 

---Vss 

Max Unit 

7 pF 

8 pF 

7 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to vssl 

Parameter Symbol Min Typ Max 

Vcc 4.5 5.0 5.5 
Supply Voltage 

Vss 0 0 0 

Input High Voltage, all inputs V IH 2.4 6.5 

Input Low Voltage, all inputs V IL -2.0 0.8 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.1 

Parameter Symbol 
Min 

OPERATING CURRENT' MB 81257·10 

Average Power Supply Current MB 81257·12 Icc1 
(RAS, CAS cycling; t Rc = Min.1 MB 81257·15 

STANDBY CURRENT 
Standby Power Supply Current Icc2 
(RAS, CAS = VIH I 

REFRESH CURRENT l' MB 81257·10 
Average Power Supply Current MB 81257·12 Icc3 
(RAS cycling, CAS = V IH; t AC = Min.1 MB 81257·15 

NIBBLE MODE CURRENT' MB 81257·10 
Average Power Supply Current MB 81257·12 Icc4 
(RAS = VIL , CAS cycling; tNC = Min.1 MB 81257·15 

REFRESH CURRENT 2" MB 81257·10 
Average Power Supply Current MB 81257·12 Icc5 
(CAS·before·RAS; t AC = Min.1 MB 81257·15 

INPUT LEAKAGE CURRENT any input 
(V IN = OV to 5.5V, Vce = 5.5V, Vss = OV, all other pins IIIL) -10 
not under test = OVI 

OUTPUT LEAKAGE CURRENT 
lOlL) -10 

(Data is disabled, VOUT = OV to 5.5V) 

OUTPUT LEVEL Output Low Voltage 
VOL (lOL = 4.2 mAl 

OUTPUT LEVEL Output high Voltage 
VOH 2.4 

(lOH = -5.0 mAl 

Unit 

V 

V 

V 

V 

Value 

Typ 

MB81257-10 
MB81257-12 
MB81257-15 

Operating 
Temperature 

O°C to +70°C 

Unit 
Max 

70 

65 mA 

57 

4.5 mA 

60 

55 mA 

50 
22 

20 ITlA 

18 

65 

60 mA 

55 

10 p.A 

10 p.A 

0.4 V 

V 

NOTE '. I cc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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MB81257-10 
MB81257-12 
MB81257-15 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) illilil ..... 

MB 81257-10 
Parameter I&B1 Symbol 

Min Max 

Time between Refresh tREF 4 

Random ReadlWrite Cycle time tRc 200 

Read-Write Cycle Time tRWC 200 

Access TIme from RAS Ellil tRAC 100 

Access Time from CAS Iillil tCAC 50 

Output Buffer Turn off Delay tOFF 0 25 

Transition Time tT 3 50 

RAS Precharge Time t RP 85 

RAS Pulse Width t RAS 105 100000 

RAS Hold Time tRSH 55 

CAS Pulse width tCAS 55 100000 

CAS Hold Time tCSH 105 

RAS to CAS Delay Time PHil t RCO 20 50 

CAS to RAS Set Up Time tCRS 10 

Row Address Set Up Time t ASR 0 

Row Address Hold Time tRAH 10 

Column Address Set Up Time t ASC 0 

Column Address Hold Time tCAH 15 

Read Command Set Up Time t RCS 0 

Read Command Hold Time Referenced 
liJ to CAS 

t RCH 0 

Read Command Hold Time Referenced 
liJ to RAS tRRH 20 

Write Command Set Up Time 1m twcs 0 

Write Command Pulse Width twp 15 

Write Command Hold Time t WCH 15 

Write Command to RAS Lead Time t RWL 35 

Write Command to CAS Lead Time tcwL 20 

Data In Set Up Time tos 0 

Data In Hold Time tOH 15 

CAS to WE Delay II!J tcwo 15 

Refresh Set Up Time for CAS 

Referenced to RAS (CAS-before-RAS cycle) 
t FCS 20 

Refresh Hold Time for CAS 

Referenced to RAS (CAS-before-RAS cycle) 
t FCH 20 

1-48 

MB 81257-12 MB 81257-15 
Unit 

Min Max Min Max 

4 4 ms 

220 260 ns 

220 260 ns 

120 150 ns 

60 75 ns 

0 25 0 30 ns 

3 50 3 50 ns 

90 100 ns 

120 100000 150 100000 ns 

60 75 ns 

60 100000 75 100000 ns 

120 150 ns 

22 60 25 75 ns 

10 10 ns 

0 0 ns 

12 15 ns 

0 0 ns 

20 25 ns 

0 0 ns 

0 0 ns 

20 20 ns 

0 0 ns 

20 25 ns 

20 25 ns 

40 45 ns 

30 25 ns 

0 0 ns 

20 25 ns 

20 25 ns 

20 20 ns 

25 30 ns 



AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter am Symbol 

CAS Precharge Time (CAS·before·RAS cycle) tCPA 

RAS Precharge to CAS Active Time 
tAPc (Refresh cycles) 

Nibble Mode ReadlWrite Cycle Time tNC 

Nibble Mode Read·Write Cycle Time tNRWC 

Nibble Mode Access Time tNCAC 

Nibble Mode CAS Pulse Width tNCAS 

Nibble Mode CAS Precharge Time tNCP 

Nibble Mode Read RAS Hold Time tNAASH 

Nibble Mode Write RAS Hold Time tNWASH 

Nibble Mode CAS Hold Time Referenced 
to RAS tRNH 

Refresh Counter Test Cycle Time • tRTC 

Refresh Counter Test RAS Pulse Width • t TRAS 

Refresh Counter Test CAS Precharge • tCPT Time 

Notes: 

D An initial pause of 200 IlS is required after power up. 
And then several cycles (to which any 8 cycles to per· 
form refresh are adequate) are required before proper 
device operation is achieved. 
If internal refresh counter is to be effective, a mini
mum of 8 CAS before RAS refresh cycles are required. 

II AC characteristics assume tT = 5 ns. 
I V'H (min) and V'L (max) are reference levels for 

measuring timing of input signals. Also, transition 
times are measured between V'H (min) and V'L 
(max.). 

I Assumes that tACO -::; tACO (max). If tACO is greater 
than the maximum recommended value shown in this 
table, t AAC will increase by the amount that tACO 
exceeds the value shown. 

II Assumes that tACO ~ tACO (max). 
II Measured with a load equivalent to 2 TTL loads and 

loopF. 

MB81257-10 
MB81257-12 
MB81257-15 

MB 81257·10 MB 81257·12 MB 81257·15 
Unit 

Min Max Min Max Min Max 

20 25 30 ns 

20 20 20 ns 

45 50 60 ns 

45 50 60 ns 

20 25 30 ns 

20 25 30 ns 

15 15 20 ns 

20 25 30 ns 

35 40 45 

20 20 20 ns 

330 375 430 ns 

230 10000 265 10000 320 10000 ns 

50 60 70 ns 

12 Operation within the tACO (max) limit insures that 
t AAC (max) can be met. tACO (max) is specified as a 
reference point only; if tACO is greater than the 
specified tACO (max) limit, then access time is con
trolled exclusively by tCAC ' 

I tACO (min) = tAAH (min) + 2tT (tT=5ns) + t ASC (min) 
I Either tAAH or tACH must be satisfied for a read cycle. 

lID twcs and tCWD are not restrictive operating para-
meters. They are included in the data sheet as electrical 
characteristics only. If twcs ~ twcs (min), the cycle 
is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout entire cycle. 
If tCWD ~ tCWD (min), the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis
fied the condition of the data out is indeterminate. 

II Test mode cycle only. 
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RAS 

CAS 

ADDRESSES 

WE 

DOUT 

1-50 

V'H-

V'L-

V'H-
V'L-

V'H-

V'L -

V'H 
V'L-

Read Cycle 

~------------------'RC----------------------~~ 
~---------------'RAS--------------__ ~ 

____ -r---------'RSH 
----r---~------~~, r-------'CAS------~~~r_--------------

!---'CAC 
----------c:::~--------'RAC------------_, 

VOH-

VOL 
------------------HIGH-Z------------~ 

1'----"'"'-"-'-"1 

o Don't c. .. 

Write Cycle (Early Write) 

-______________________ HIGH_Z: ________________ _ 

c::J Don't C.re 



RAS 

CAS 

DOUT 

RAS 

CAS 

ADDRESSES 

WE 

DOUT 

V'H-
VIL-

V'H-
V'L-

teRs 

Read-Write/Read-Modify-Write Cycle 

ICSH 
tRSH. 

,-----t~----------------tCAS;---------------~ 

VOH-___ ~~--------------------
VOL- I 

~1 •• -------------tRAc--------------1 

MB81257-10 
MB81257-12 
MB81257-15 

IOSH ID<tOH 
V IH- ----------------------------------.-..... )t ~ ALiD ..... ------------------
V'L- _ ..... ______ -'-__ '-__________ ..... _''!L-EATA '-______ ..... ____ _ 

o Don't. Care 

Nibble Mode Read Cycle 

V'H-
V'L-

V,H-
V'L-

V 1H-

V,L-

V,H-
V 1L-

VOH-

VOL-
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DOUT 

RAS 

CAS 

ADDRESSES 

WE 

DOUT 

DIN 

1·52 

Nibble Mode Write Cycle 

VIH-~~r+~--~~ 

VIL-

VIH-"'!"'!~~i!Il'!'I!\ 

vIL-~~~~~+4----~~~~41~~~~~--~~~~--~"~~~--

V IH-.................. .It-:-:~~'ll 
v I L - ..... __ " 1'....:::~;;:....-r 

VOH-______________________________ HIGH_Z ______________________________ __ 

VO L -

C Don't Car. 

Nibble Mode Read-Write Cycle 

V IH-

V IL-

VIH-

V IL-

VIH-

VIL-

VIH-
V IL-

'VOH-

VOL 

VIH-

V IL-

o Don'tCar8 



RAS VIH 
VIL -

ADDRESSES 
VIH 

(AO to A7) VIL 

CAS 
VIH 

VIL 

VoH-
DOUT Vo L -

RAS 
VIH-

V IL-

CAS 
VIH-

V 1L-

~-only Refresh Cycle 
NOTE: WE, DIN = Don't care, As = V IH or V IL 

tRC 

tRAS 

C I--IRA:=j ~tRPC 
ROW X ADDRESS 

ICRS~ 1 
l'oFF 

l\,. 
~. 

-~ HIGH-Z 

CAS-before-RAS Refresh Cycle 
NOTE: Address, WE, DIN = Don't care 

'RP 

r---------------IRC--------------~ 

r-------,. 1------IRAS;---~_1 Jr:-------,L 

tOFF 

MB81257-10 
MB81257-12 
MB81257-15 

f\.-

DOUT 
VOH -
VOL- ______ ~-------------HIGH-Z:----------------

o Don'tea .. 
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ADDRESSES 

WE (Read) 

WE (Read·Write) 

ADDRESSES 

WE(Readl 

DOUT 

we(Write} 

1·54 

Hidden Refresh Cycle 

BDon'tea,. 

CAS"-before-RAS Refresh Counter Test Cycle 

III Don'tC_ 



DESCRIPTION 
Simple Timing Requirement 
The MB 81257 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81257 
can operate under the condition of 
tRCD (maxI = tCAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81257 has the 
minimal hold times of Address (tCAHl, 
WE (twCH I and DIN (tDH I. The 
MB 81257 provides higher throughput 
in inter-leaved memory system applica
tions. Fujitsu has made timing require
ment that are referenced to ~ 
non-restrictive and deleted them from 
the data sheet. These include tAR, 
tWCR, tDH Rand tRWD. As a result, 
the hold times of the Column Address, 
DIN and WE as well as tCWD (CAS 
to WE" Delay I are not ristricted by 
tRCD· 

Address Inputs: 
A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81251. Nine row-address bits are 
established on the input pins (Ao 
to Asl and are latched with the Row 
Address Strobe (RAS)' Nine column
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CASI. All row ad
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited (or "gated"l by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (tRAH I speci
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-addresses. 

Write Enable: 
The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode, low selects write 
mode. The data input is disabled when 
read mode is selected. 

Data Input: 
'Data is written into the MB 81257 
during a write or read-write cycle. The 
later falling edge of WE or CAS is a 
strobe for the Data In (DIN I register. In 
a write cycle, if WE is brought low 

before CAS, DIN is strobed by CAS, 
and the set-up and hold times are re
ferenced to CAS. In a read-write cycle, 
WE" can be delayed after CAS has been 
low and CAS to WE Delay Time (tcwDI 
has been satisfied. Thus 0 IN is strobed 
by WE, and set-up and hold times are 
referenced to WE. 

Data Output: 
The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read· 
write cycle, the output is valid after 
tRAC from transition of RAS when 
t RCD (maxI is satisfie~r after tCAC 
from transition of CAS when the 
transition occurs after t RCD (max.1 
Data remain valid until CAS is re
turned to a high level. In a write cycle, 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81257 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings, 
described in the previous section. 
The output buffer is controlled by the 
sate of WE when CAS goes low. When 
WE is low during CAS transition to 
low, the MB 81257 goes into the 
early write mode in which the output 
floats and the common I/O bus can be 
used on the system level. Whereas, when 
WE goes low after tewD following CAS 
transition to low, the MB 81257 goes 
into the delayed write mode. The 
output then contains the data from the 
cell selected and the data from DIN 
is written into the cell selected. There
fore, a very fast read write cycle (tRWC 
= tRc! is possible with the MB 81257. 

Nibble Mode: 
Nibble mode allows high speed serial 
read, write or read-modify-write access 
of 2, 3 or 4 bits of data. The bits of data 
that may be accessed during nibble 
mode are determined by the 8 row 
addresses and the 8 column addresses. 
The 2 bits of addresses (CAe, RAsl are 

MB81257-10 
MB81257-12 
MB81257-15 

used to select 1 of the 4 nibble bits for 
initial access. After the first bit is 
accessed by normal mode, the remaining 
nibble bits may be accessed by toggling 
CAS high then low while RAS remains 
low. Toggling CAS causes RAe and 
CAs to be incremented internally while 
all other address bits are held constant 
and makes the next nibble bit available 
for access. (See Table 1). 
If more than 4 bits are accessed during 
nibble mode, the address sequence will 
begin to repeat. If any bit is written 
during nibble mode, the new data will 
be read on any subsequent access. If the 
write operation is executed again 
on subsequent access, the new data will 
be written into the selected cell loca
tion. 
In nibble mode, the three-state control 
of the DouT pin is determined by the 
first normal access cycle. 
The data output is controlled only by 
the WE state referenced at the CAS 
negative transition of the normal cycle 
(first nibble bitl. That is, when twcs> 
twcs (minI is met, the data output will 
remain high impedance state throughout 
the succeeding nibble cycle regardless 
of the WE state. Whereas, when tewD > 
tCWD (min) is met, the data output will 
contain data from the cell selected 
during the succeeding nibble cycle reo 
gardless of the WE state. The write 
operation is done during the period in 
wh ich the WE and CAS clocks are low. 
Therefore, the write operation can be 
performed bit by bit during each nibble 
operation regardless of timing con· 
ditions of "WI: (twcs and tCWD) during 
the normal cycle (first nibble bit). 
See Fig. 2. 

Refresh: 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(Ao to A71 at least every 4 ms. 
The MB 81257 offers the following 3 
types of refresh. 

RAS-only Refresh; 
The RAS" only refresh aboids any out
put during refresh because the output 
buffer is in the high impedance state un
less CAS is brought low. Strobing each 
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of 256 row-addresses (Ao to A7) with 
RAS will cause all bits in each row to 
be refreshed. Further R"AS-only refresh 
results in a substantial reduction in 
power dissip3tion. During RAS-only 
refresh cycle, either V IH or V IL is per
mitted to As. 

CAS-befo .... RAS Refresh; 
CAS-before-RAS refreshing available on 
the MB 81257 offers an alternate re
fresh method. If CAS is held low 
for the specified period (tFCS) before 
RAS goes to low, on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform
ed, the refresh address counter is auto
matically incremented in preparation 
for the next CAS-before-RAS refresh 
operation. 

Hidden Refresh; 
A hidden refresh cycle may takes place 
while maintaining latest valid data at 
the output by extending the CAS active 
time. For the MB 81257, a hidden 
refresh cycle is CAS-before-R"AS refresh. 

The internal refresh address counters 
provide the refresh addresses, as in a 
normal CAS-before-RAS refresh cycle. 

CAS-befo .... RAS Refresh Counter Test 
Cycle: 
A special timing sequence using CAS
befo're-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re
fresh activated circuitry. After the 
CAS·before-RAs refresh operation, if 
CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol· 
lows: 

• A ROW ADDRESS - Bits Ao to A7 
are defi ned by the refresh counter. 
The bit As is set high internally. 

*A COLUMN ADDRESS - All the bits 
Ao to As are defined by latching 
levels on Ao to As at the second 
falling edge of CAS. 

Table 1 - NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 

SEQUENCE NIBBLE BIT RAe ROW ADDRESS CAs 

RAS/CAS (normal mode) 1 0 10101010 0 

toggle CAS (nibble mode) 2 10101010 0 

toggle CAS (nibble mode) 3 0 10101010 

toggle CAS (nibble mode) 4 1 10101010 

toggle CAS (nibble mode) 0 10101010 0 
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Suggested CAS-before-RAS Counter Test 
Procedure 
The timing, as shown in the CAS-before
RAS Counter Test Cycle, is used for 
the following operations: 
1) Initialize the internal refresh address 

counter by using eight CAS-before
RAS refresh cycles. 

2) Throughout the test, use the same 
column address, and keep RA8 high,. 

3) Write "low" to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh address 
counter. 

5) Read "high" written in step 4) and 
check by using normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 

COLUMN 
ADDRESS 

10101010 input addresses 

10101010 J 
10101010 generated internally 

10101010 

10101010 sequence repeats 
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Fig. 2 - Nibble Mode 

1) The case of first nibble cycle is Early write 

RAS ~ r--\~o ____________________________ ~, 

WE~ \ ! 
D,N >e::I:)( ______ .... ~ ______ _ 

DOUT J)o------------HI GHoZ:---------------

LEarlY Write--+O--INo OP •. _._I .... _--'Writ.--... .j.I ... --IWrite-----J 

(Ade!. Increment) I!!:J : V.lid Data 

2) The case of first nibble cycle is delyed write (Read-Write) 

RAS ~ ,--\~o ____________________________ --J' 

,\o., ____ ..J! '~----~I 
D,N ---------~~--------------~---------
DOUT 

l---Read.wrlt.-~.~II-o.--IR.ad-Wrlte_.-I-o1 .o---IRead~R.ad-Wrlt8--J 
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Table-2 FUNCTIONAL TRUTH TABLE 

RAS CAS WE D,N 

H H Don't Care Don't Care 

L L H Don't Care 

L L L Valid Data 

L L L Valid Data 

L H Don't Care Don't Care 

L L Don't Care Don't Care 

H L Don't Care Don't Care 

DouT 

High-Z 

Valid Data 

High-Z 

Valid Data 

High-Z 

Valid Data 

High-Z 

Read Write Refresh Note 

No No No StandbY 

Yes No Yes Read 

No Yes Yes 
Early Write 

twcs~twcs (min) 

Delayed Write or Read-Write 
Yes Yes Yes (twes ~ twes (min) or 

tewD ~ tewD (min)) 

No No Yes "RAS"- only Refresh 

CAS-before-RAS Refresh Valid 
No No Yes data selected at previous Read 

or Read-Write cycle is held. 

No No No CAS disturb. 

Fig. 3 - CURRENT WAVEFORM (Vee = 5.5V, TA = 25°C) 

RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycl. Nibble Mode Cycle 

!'lAS 
CAS 

r-"\ Jr-" 

f--..r-r'--~ f...-

'-i 
160 

.§ 
120 

0 
.2 

80 

40 

A f\ A 
\ '/ \ '\ 

A.. ~ ~ \ 
\ / i M !\ 

~ \ \.. J \.J V \.. ~I ,\J 'V \.... ~ ~ 
\} \.. .A .A - I--

50 ns/Division 
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TYPICAL CHARACTERISTICS CURVES 
Fig. 4 - NORMALIZED ACCESS TIME 

vs SUPPLY VOLTAGE 
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Fig. 5 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 
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Fig. 15 - REFRESH CURRENT 2 
vs CYCLE RATE 

SO 
;( 
E 
'" 50 
I
Z 

~ 40 
a: 
::J 
f.J 3 
I 
II) 
w 

0 

:J: 20 
w 
a: 
.;, 10 
u 

.2 o 

I .I. 
~VCc=S~SV 

TA~25 C 

V 
[7 

./ 
V 

"V 

2 345 
litRe. CYCLE RATE (MHz) 



< 
I-
< o 

< 
.§ 
N 

I-
Z 
w 
et 
et 
:::l 

° :r 

'" w 
et 
u. 
w 
et 
.n 
<.J 

.2 

0-z> 

80 

70 

60 

50 

40 

30 

20 

Fig. 16 - REFRESH CURRENT 2 
vs SUPPL Y VOLTAGE 

T)25°CI 
-tRe=2oons 

./ 
Vfo"'" 

/ 

4.0 5.0 6.0 
Vee. SUPPLY VOLTAGE (V) 

Fig. 18 - ADDRESS AND DATA INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 

3.0 

Ve~=5.0J 

<;;; 20 
'" Cl . 
ffl~ 
25 6 
~> 

V1H(MinJ 

.:.~ 1.0 
:>~ 

VIL(MaxJ 

0-
z 
< 
I 
:> 

I~ 
0 z-
<~ 

I'" W <Cl 
0< I . I-"'-' <0 
et> 
':'1-

>K 
Oz z-
< 
I 

-> 

-20 0 20 40 60 80 100 
TA. AMBIENT TEMPERATURE (oC) 

Fig. 20 - RAS. CAS AND WE INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
3.0 

Vec~5.0V 

2.0 V1H Min.) 

1.0 
VILIMaxJ 

20 0 20 40 60 80 100 
TA• AMBIENT TEMPERATURE (oC) 

MB81257-10 
MB81257-12 
MB81257-15 

Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vsSUPPLY VOLTAGE 
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MB81257-10 
MB81257-12 
MB81257-15 
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PACKAGE DIMENSIONS 
Standard 16-pin Ceramic DIP (Suffix: -C) 

DIP-16C-A03 

16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE 

MB81257-10 
MB81257-12 
MB81257-15 

(CASE No.: DIP-16C-A03) 1 
........ =;==-;;i-=~"=O=':,.. 0't09' 

1 '":::~ [~ : : : : m ]3]' .3OO±.010 

'"1-c=!'===l==1",7.J.251 

I I 
.776~:~~:(19.71~~::~ ) 

VjJ·200IS.08IMAX 

.134±.014 
(3.40±0.361 

.1oo±.OlD 
12.S4±O.251 

Cl1988 FUJITSU LIMITED 016035S·3C 

.700(17.781REF 

.047~:~6:(1.20~~:~~1 

.032±.012 
(0.81 ±0.301 

Dimensions in 
inches (millimeters) 
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MB81257-10 
MB81257-12 
MB81257-15 

PACKAGE DIMENSIONS 
Standard 16-pin Ceramic DIP (Suffix: -C) 

DIP-16C-A04 

l6·LEAD CERAMIC (METAL SEAL) DUAL IN·LlNE PACKAGE 
(CASE No.: DIP-16C·A04) 1 

--:::::> 1'09' 

1-64 

.1OO±.OlO 
(2.S4±0.2S) 

.OSO(1.27)MAX 

e 1988 FUJITSU LIMITED D16044S-2C 

.300±.010 

_==*=.;:;;~(7J.25) 

.043(1.09)TVP 
(x4 PLCS) 

U .200(S.08)MAX 

.035±.015 
(0.89'0.38) 

.134±.014 
(3.40'0.36) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
Standard 16-pin Ceramic DIP (Suffix: ·Z) 

DIP·16C·C04 

.100t.010 
(2.54'0.251 

C>1988 FUJITSU LIMITED D16032S-4C 

16-LEAD CERAMIC (CERDIPI DUAL IN-LINE PACKAGE 
(CASE No_ : DIP-16C-C041 

.018~::~ 
(O.46:~:~) 

MB81257-10 
MB81257-12 
MB81257-15 

Dimensions in 
inches (millimetersl 
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MB81257-10 
MB81257-12 
MB81257-15 

PACKAGE DIMENSIONS 
Standard 16-pin Plastic DIP (Suffix: -PI 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M03) 

r--766+·00B (1945+0.20)~ I r-, r"l' -.012 . -0.30...., r'll 

.300 (7.62) 
TYP 

D:~ 

.050 (1.27) 

MAX 

"'988 FUJITSU LIMITED DI6030S-3C 

.100 (2.54) -ft---:-::-::-: 
TYP 

Standard 18-pin Plastic LCC (Suffix: -POI 

" 1989 FUJITSU LIMITED CI8019S-1C 

1-66 

l8-LEAD PLASllC LEADED CHIP CARRIER 
(CASE No.: LCC-18P-M041 

.322±.005 
(S.18±O.13) 
~ 

.02Bla.B6} 
TVP 

I 
.OO8=:gg~ 

.617(0.43) (O.20=g:g~1 
TVP 

.263±.020 
(6.68±O.511 

.134 = :~(3.40 =g:ri~) 
.060(1.52) MIN 

.025(O.64)MIN 

~ 
.468±.020 

~0511 

.010:+: :88ti4 

(025:+:8:61) 

@: LEAD No. 

15'MAX 

Dimensions in 

inches (millimeters) 

Dimensions In 
Inches (mllmoters) 



PACKAGE DIMENSIONS 
Standard 16-Pin Plastic ZIP(Suffix: -PSZ) 

LEAD 
No.1 

PIN ASSIGNMENT 

ZIP-16P-MOl 

16 

16 LEAD PLASTIC ZIGZAG-IN-LiNE PACKAGE 
(CASE No.: ZIP-16P-M01) 

+ 008 +020 
.803 _:012(20.40 -0:30) -I 

I 
.260±.0 10 

~ 

INDEX 

cf JO 2S) 

.010±.002 I ! I 

(0.2S±0.OS) 

OSO(1._~ .020±.004 
1--- - 1-;C---

TYP (0.SO±0.10) 

LEAD NO.~ 

~-""""R---''-(B-O-TRT-O-M-v'',rEW-) """R"-""""R---''-'Q 6) 

01988 FUJITSU LIMITED Z16001S-4C 

'-- I-

MB81257-10 
MB81257-12 
MB81257-15 

112± 008 

(2.8S±0.20) 

.31J.013 
(7.93±0.33) 

~~-
I .118(3.00) MIN 

.~ 

.100(2.S4) TYP 

(ROW SPACE) 

Dimensions in 
inches (millimetres) 
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MB81257·10 
MB81257·12 
MB81257·15 

PACKAGE DIMENSIONS 
Standard 18-pln Ceramic LCC (SUffix: -TV) 

LCC-l8C-F04 

la·LEAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: Lcc-18C-F04) 

~ 

b n 
I 

!I====dIT 
.280{7.11) r 
.295(7491 

·Shlpe 01 Pon 1 ,nde~: Subject!O ~h8nll8wilhout notice 
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February 1990 
Edition 1.0 

MB81257-BO 

cP 

DATA SHEET 
FUJITSU 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 

262,144 Bit Dynamic Random Access Memory 
The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access 

memory organized as 262,144one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, per1)heral 
storage, and environments where low power dissipation and a compacllayout are 
required. 

Multiplexed row and column address inputs permit the MB81257to be housed in 
standard 1611in DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform 
to the JEDEC- approved pinouts. Additionally, the MB81257 offers new functional 
enhancements that make it more versatile than previous dynamic RAMs. ~-before
~ refresh provides anon-<:hip refresh capability that is upwardly compatible with the 
MB8266A. The MB81257 also features nibble mode which aliows high speed serial 
access of up to 4 bits of data. 

The MB81257Is fabricated using silicon gate NMOS and Fujitsu'S advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used In the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very wide. All Inputs are 
TTL compatible. 

• 262,144 x 1 RAM OIgIIIlization 
• SilicoA1lSle, Triple Poly NMOS, single 

lransislOr cell 
• Row Access TIme (t,w,l 

80 ns max. (MB 81257-80) 

• Random ~ Trme ItAeI 
175 ns mill. (MB81~57-801 

• Nibble Cycle lime 
45 ns max. (MB 81257-80) 

• Single -t6 V Supply, ±10% ldersnce 
• LowPower 385 mW max. (MB 81257-80) 

25 mW max. (standby) 
• 256 refresh cycles eWK)' 4 ma 
.~fore.Jw.;. "RXS-only, Hidden 

refresh capabili1y 

• High speed Read-while-Wrila cycle 
• fAR, twcR. toHR, lRW!) are elmlna1lld 
• Output un/a1Ched ~ end a/Iowa 

twcHfllll8nsional chIP select 
• Common I/O capI!bIity using 

Early WrIIa opeiidion 
• On-<:hlp /alches lor Addresses and 

Data-in 
• Standard IS-Pin Plastic Packages: s!JIP MB81257-XXPI 

ZIP MB81257-XXPSZ) 
IS-Pin Plastic PaCkage: 

PLCC(MB81257-xxpv) 
StancIard IS-Pad CeramIc Package: 

DIP (MB81257-XXC) 

Absolute Maximum Ratings (See Note) 

...... mlllllr Symbol V.1ue UnIt 

Voltage al any pin re/aliw ID Vss VIN, VOUT -lID +7 V 

Voltage of Vee supply rellIIMt ID Vas Vee -lID +7 V 

Storage TemperalUnl L Carsmlc Tsra -55 to +150 "C 

I Plastic -55 to +125 

Power Dissipation Po 1.0 W 

Short Circuit Output Current - 50 rnA 

_ Permanent device damage may _II absolute maximum ratings are exceadad. 
Funclianal operation shoUld be restrlc1lld ID the conditions 81 deIiIIad In the aperstion 
sections of this deta sheet. ~sure to absolulll maximum rating conditions for ex
landed pariods may affect device rellabilty. 

PLASTIC PACKAGE 
DIP-16P-M03 

PLASTIC PACKAGE 
LCC·18P·M04 

PLASTIC PACKAGE 
ZIP·16P-MOl 

DIP-16C-A03: See Page 19 
01 P·16C-A04: See Page 20 

PIN ASSIGNMENT 

Pin a~ignment for. ZIP: See page 23 
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Fig. 1 - MB 81257 BLOCK DIAGRAM 

R AS 
I CLOCK GEN. 

NO.1 

1 AS J CLOCK GEN. LU I NO.2 WRITE 
CLOCK I-

REFRESH GEN. 

CONTROL I-----
CLOCK 

1 + 
INTERNAL DATA .--- ADDRESS 

~ IN I-
r-- COUNTER COLUMN BUFF. 

tv DECODER 

J 

~~d" 
A 

t SENSE AMPS 
110 GATING ... 

1 I_ I 1 ..-U..J ;.-

'rv' a;~8 r--'--t--
0>-'_ - DATA 

II: '-- OUT f--w 
- _r::----:- 0 BUFF. 

l..I\ 0 
u 262,144 BIT - w 

~ 0 STORAGE CELL I_ 1-1\ ;;: - 1--", f-~;;: 

~~~ r--v 0 
II: 

~VCC 

=Lr L---r--
-VSS 

DOUT 

As 

CAPACITANCE (TA = 25°C) 

Parameter Symbol Typ Max Unit 

Input Capacitance Ao toAs • D'N C'N1 7 pF 

Input Capacitance RAS, CAS, WE C'N2 10 pF 

Output Capacitance DOUT COtH 7 pF 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min Typ Max Unit 
Operating 

Temperature 

Vcc 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 

Input High Voltage. all inputs V IH 2.4 6.5 V O°C to +70°C 

Input Low Voltage, all inputs V IL -2.0 0.8 V 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Value 
Parameter Symbol Unit 

Min Typ Max 

OPERATING CURRENT" 
Average Power Supply Current MB B1257·80 Icc1 70 mA 
(RAS, CAS cycling, t RC = Min.! 

STANDBY CURRENT 
Icc2 4.5 mA 

Standby Power Supply Current (RAS, CAS = V IH ) 

REFRESH CURRENT 1" 
Average Power Supply Current MB 81257·BO Icc3 60 mA 
(RAS cycling, CAS = V IH ; tRC = Min.) 

NIBBLE MODE CURRENT" 
Average Power Supply Current MB B1257·80 Icc4 22 mA 
(RAS = V IL , CAS cycling; tNC = Min.) 

REFRESH CURRENT 2' 
Average Power Supply Current MB 81257·80 Iccs 65 mA 
(CAS-before·RAS; tRC = Min.) 

INPUT LEAKAGE CURRENT any input 
(V IN = OV to 5.5V, Vcc = 4.5V to 5.5V, Vss = OV, II(L) -10 10 /lA 
all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
lOlL) -10 10 /lA (Data is disabled, VOUT = OV to 5.5V) 

OUTPUT LEVEL 
VOL 0.4 V 

Output Low Voltage (lOL = 4.2mA) 

OUTPUT LEVEL 
VOH 2.4 V 

Output High Voltage (lOH = -5.0mA) 

NOTE': Icc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 111-11."-

Value 
Parameter IImiI!J Symbol Unit 

Min Max 

Time between Refresh tREF 4 ms 

Random ReadIWrite Cycle Time tRC 175 ns 

Read·Write Cycle Time t RWC 180 ns 

Access Time from RAS Elm t RAC 80 ns 

Access Time from CAS Elm t CAC 45 ns 

Output Buffer Turn off Delay tOFF 0 25 ns 

Transition Time tT 3 50 ns 

RAS Precharge Time tRP 80 ns 

RAS Pulse Width tRAS 85 100000 ns 

RAS Hold Time tRSH 50 ns 

CAS Pulse Width tCAS 50 100000 ns 

CAS Hold Time tCSH 85 ns 

RAS to CAS Delay Time Dill tRco 20 35 ns 

CAS to RAS Set Up Time tCRS 10 ns 

Row Address Set Up Time t ASR 0 ns 

Row Address Hold Time tRAH 10 ns 

Column Address Set Up Time t ASC 0 ns 

Column Address Hold Time tCAH 15 ns 

Read Command Set Up Time t RCS 0 ns 

Read Command Hold Time Referenced to CAS Ii] tRCH 0 ns 

Read Command Hold Time Referenced to RAS Ii] tRRH 20 ns 

Write Command Set Up Time 1m twcs 0 ns 

Write Command Pulse Width twp 15 ns 

Write Command Hold Time t WCH 15 ns 

Write Command to RAS Lead Time tRWL 35 ns 

Write Command to CAS Lead Time tCWL 35 ns 

Data In Set Up Time tos 0 ns 

Data In Hold Time tOH 15 ns 

CAS to WE Delay 1m tcwo 15 ns 

Refresh Set Up Time for CAS Referenced to RAS 
tFCS 20 

(CAS-before-RAS cycle) 
ns 

Refresh Hold Time for CAS Referenced to RAS 
20 

(CAS-before-RAS cycle) 
t FCH ns 
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AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter 15m 

CAS Precharge Time (CAS·before·RAS cycle) 

RAS Precharge to CAS Active Time (Refresh cycles) 

Nibble Mode ReadlWrite Cycle Time 

Nibble Mode Read·Write Cycle Time 

Nibble Mode Access Time 

Nibble Mode CAS Pulse Width 

Nibble Mode CAS Precharge Time 

Nibble Mode Read RAS Hold Time 

Nibble Mode Write RAS Hold Time 

Nibble Mode CAS Hold Time Referenced to RAS 

Refresh Counter Test Cycle Time III 

Refresh Counter Test RAS Pulse Width III 

Refresh Counter Test CAS Precharge Time III 

Notes: 

D An initial pause of 200 /1S is required after power up. 
And then several cycles (to which any 8 cycles to per· 
form refresh are adequate) are required before proper 
device operation is achieved. 
If internal refresh counter is to be effective, a mini· 
mum of 8 CAS before RAS refresh cycles are required. 

II AC characteristics assume tT = 5 ns. 
II V,H (min) and V'L (max) are reference levels for 

measuring timing of input signals. Also, transition 
times are measured between V,H (min) and V'L 
(max.). 

I Assumes that tRCO ~ tRCO (max). If tRCO is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCO 
exceeds the value shown. 

II Assumes that tRCO ~ tRCO (max). m Measured with a load equivalent to 2 TTL loads and 
100 pF. 

MB81257-80 

Value 
Symbol Unit 

Min Max 

tCPR 20 ns 

tRPC 20 ns 

t Nc 45 ns 

t NRWC 45 ns 

t NCAC 18 ns 

t NCAS 20 ns 

t NCP 15 ns 

tNRRSH 20 ns 

tNWRSH 35 ns 

tRNH 20 ns 

tRTC 330 ns 

t TRAS 230 10000 ns 

t CPT 50 ns 

I Operation within the tRCO (max) limit insures that 
tRAC (max) can be met. tRCO (max) is specified as a 
reference point only; if tRCO is greater than the 
specified tRCO (max) limit, then access time is con· 
trolled exclusively by tCAC ' 

IiJ tRCO (min) = tRAH (min) + 2tT (tT=5ns) + t ASC (min) 
1,1 Either tRRH or tRCH must be satisfied for a read cycle. 

1m twcs and tcwo are not restrictive operating para· 
meters. They are included in the data sheet as electrical 
characteristics only. If twcs ~ twcs (min), the cycle 
is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout entire cycle. 
If t cwo ~ tcwo (min), the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis
fied the condition of the data out is indeterminate. 

III Test mode cycle only. 

1-73 



MB81257-80 

VIH-
RAS 

VIL-

CAS 
VIH-
VIL -

ADDRESSES 
VIH-

VIL -

WE VIH 

VIL -

DOUT 
VOH-

VOL 

Read Cycle 

~------------------tRC------------------------~ 
~---------------tRAS----------------1 

!---tCAC 
~------------tRAC-------------1 

Ir---~ 

------------HIGH-Z------------~ ~~~~ 
1'---;;;";';";";"--"'1 

[]J Don't Care 

Write Cycle (Early Write) 

DOUT VOH '----------------------------HIGH-Z-----------------------------
VOL-

CJ Don't ear. 
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V'H-
RAS V'L-

V'H-
CAS V'L-

V'H-
ADDRESSES V'L-

WE 
V'H-
V'L-

DOUT 
VOH-
VaL-

D,N V'H-
V'L-

RAS 
V'H-

V'L-

CAS 
V ,H -

V ,L -

WE 
V,H -

V ,L -

DOUT 
VOH-

VO L -

MB81257-80 

Read-Write/Read-Modify-Write Cycle 

~:=====================~~~tRWC:----------------------------~~ 

tRSH 

-----+~--------------tCAS:--------------~ 
.I--1r----

l· ro-------------tRAC--------------- tosH ID<tO....--H .,..----
------------------------------------~\t ~ALID ______________________ ~~ _________ /~ATA 

D Don't Care 

Nibble Mode Read Cycle 

~-----------------------tRAS:------------------------~ 

[::J Don't Care 
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Nibble Mode Write Cycle (Early Write) 

ADDRESSES 

VOH- ______________________________ HIGH_Z ______________________________ __ 

VOL- o Don't Care 

Nibble Mode Read-Write Cycle 

ADDRESSES 

DOUT 

~ Don'tC.re 
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RAS 

ADDRESSES 
(AD to A7) 

CAS 

DOUT 

RAS 
V ,H-

V'L-

CAS 
V'H-
V ,L-

DOUT 
VOH -

VOL -

MB81257-80 

~-only Refresh cycle 

NOTE: WE, D'N = Don't care, As = V ,H or V'L 

~-----------------tRC------------------~ 

________________ ~~r------tRAs------~~ I. ________________ ~ 
V 1H-

V 1L - EtAS R 1--; RAH---I f----------tRP------~_I 
r----' ___ I ~tRPC 

--------~V ROW Wr-------~--------------
A ADDRESS A 

V ,H 

V 1L -

tc RS r-----1 I 
VIH 

V IL 

VO H-

------'~F "'''------
VOL _::::::::::::::::::::::~~------------------HIGH-Z---------------------

CAS-before-RAS Refresh Cycle 

NOTE: Address, WE, D'N = Don't care 

o Don't Care 

r-----------------tRC----------------~ 

r--------tRAs--------I 

~-----------------------HIGH-Z--------------------------

o Don't Care 
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Hidden Refresh Cycle 

0-------1 RC-------, 

RAS V'H-
V 1L-

CAS 
V 1H -

V1L -

V 1H-

ADDRESSES V 1L-

M(Readl 
V 1H -

V1L -

DOUT VALID DATA 

WE (Read-Write) 
V 1H-

V 1L -

DOon'tCare 

CAS-before-RAS Refresh Counter Test Cycle 

--tRTc------------J 

V,H 
RAS V tL--

V 1H -
CAS V 1L--

ADDRESSES 

WE (Read) 
VIH-

V 1L-

tOFF 

°OUT 
Vow· 

VOL 

WE (Write) 
V 1H- , 
V 1L- ." 

D,N 
V 1H-

V 1L-

o Don'tCare 
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DESCRIPTION 
Simple Timing Requirement 
The MB B1257 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81257 
can operate under the condition of 
tRCO (max) = tCAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81257 has the 
minimal hold times of Address (tCAH ), 
WE (tWCH) and DIN (tOH). The 
MB 81257 provides higher throughput 
in inter·leaved memory system applica
tions. Fujitsu has made timing require
ment that are referenced to RAS 
non-restrictive and deleted them from 
the data sheet. These include tAR, 
twcR, tOHR and tRWO. As a result, 
the hold times of the Column Address, 
DIN and WE as well as tcwo (CAS 
to WE Delay) are not ristricted by 
tRCO. 

Address Inputs: 
A total of eighteen binary input address 
bits are required to aecode any 1 of 
262,144 cell locations within the 
MB 81257. Nine row-address bits are 
established on the input pins (Ao 
to A,,) and are latched with the Row 
Address Strobe (RAS). Nine column
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited (or "gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (tRAH) speci
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-addresses. 

Write Enable: 
The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode; low selects write 
mode. The data input is disabled when 
read mode is selected. 

Data Input: 
Data is written into the MB 81257 
during a write or read-write cycle. The 
later falling edge of WE or CAS is a 
strobe for the Data In (DIN) register. In 
a write cycle, if WE is brought low 

before CAS, DIN is strobed by CAS, 
and the set·up and hold times are re
ferenced to CAS. In a read-write cycle, 
WE can be delayed after CAS has been 
low and CAS to WE Delay Time (tcwo) 
has been satisfied. Thus DIN is strobed 
by WE, and set·up and hold times are 
referenced to WE. 

Data Output: 
The output buffer is three-state TTL 
compati ble with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read
write cycle, the output is valid after 
t RAC from transition of RAS when 
t RCO (max) is satisfied, or after tCAC 
from transition of CAS when the 
transition occurs after t RCO (max.) 
Data remain valid until CAS is re
turned to a high level. In a write cycle, 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81257 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings, 
described in the previous section. 
The output buffer is controlled by the 
sate of WE when CAS goes low. When 
WE is low during CAS transition to 
low, the MB 81257 goes into the 
early write mode in which the output 
floats and the common I/O bus can be 
used on the system level. Whereas, when 
WE goes low after tcwo following CAS 
transition to low, the MB 81257 goes 
into the delayed write mode. The 
output then contains the data from the 
cell selected and the data from DIN 
is written into the cell selected. There
fore, a very fast read write cycle is 
possible with the MB 81257. 

Nibble Mode: 
Nibble mode allows high speed serial 
read, write or read-modify-write access 
of 2, 3 or 4 bits of data. The bits of data 
that may be accessed during nibble 
mode are determined by the 8 row 
addresses and the 8 column addresses. 
The 2 bits of addresses (CA", RAe) are 

MB81257-80 

used to select 1 of the 4 nibble bits for 
initial access. After the first bit is 
accessed by normal mode, the remaining 
nibble bits may be accessed by toggling 
CAS high then low while RAS remains 
low. Toggling CAS causes RAs and 
CAs to be incremented internally while 
all other address bits are held constant 
and makes the next nibble bit available 
for access. (See Table 1). 
If more than 4 bits are accessed during 
nibble mode, the address sequence will 
begin to repeat. If any bit is written 
during nibble mode, the new data will 
be read on any subsequent access. If the 
write operation is executed again 
on subsequent access, the new data will 
be written into the selected cell loca· 
tion. 
In nibble mode, the three-state control 
of the DOUT pin is determined by the 
first normal access cycle. 
The data output is controlled only by 
the WE state referenced at the CAS 
negative transition of the normal cycle 
(first nibble bit). That is, when twcs> 
twcs (min) is met, the data output will 
remain high impedance state throughout 
the succeeding nibble cycle regardless 
of the WE state. Whereas, when tcwo > 
tcwo (min) is met, the data output will 
contain data from the cell selected 
during the succeeding nibble cycle re
gardless of the WE state. The write 
operation is done during the period in 
which the WE and CAS clocks are low. 
Therefore, the write operation can be 
performed bit by bit during each nibble 
operation regardless of timing con
ditions of WE (twcs and tcwo) during 
the normal cycle (first nibble bit). 
See Fig. 2. 

Refresh: 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(Ao to A7) at least every 4 ms. 
The MB 81257 offers the following 3 
types of refresh. 

RAS-only Refresh; 
The RAS only refresh aboids any out
put during refresh because the output 
buffer is in the high impedance state un
less CAS is brought low. Strobing each 
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of 256 row-addresses (Aoto A7) with 
RAS will cause all bits in each row to 
be refreshed. Further R"AS-only refresh 
results in a substantial reduction in 
power dissipation. During RAS-only 
refresh cycle, either V IH or V IL is per
mitted to Ae. 

CAS-before-RAS Refresh; 
CAS-before-RAS refreshing available on 
the MB 81257 offers an alternate re
fresh method. If CAS is held low 
for the specified period (tFCS) before 
RAS goes to low, on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform
ed, the refresh address counter is auto
matically incremented in preparation 
for the next CAS-before-RAS refresh 
operation. 

Hidden Refresh; 
A hidden refresh cycle may takes place 
while maintaining latest valid data at 
the output by extending the CAS active 
time. For the MB 81257, a hidden 
refresh cycle is CAS-before- RAS refresh. 

The internal refresh address counters 
provide the refresh addresses, as in a 
normal CAS-before-RAS refresh cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 
A special timing sequence using CAS
before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re
fresh activated circuitry. After the 
CAS-before- RAS refresh operation, if 
CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol
lows: 

*A ROW ADDRESS - Bits Ao to A7 
are defined by the refresh counter. 
The bit As is set high internally. 

*A COLUMN ADDRESS - All the bits 
Ao to As are defined by latching 
levels on Ao to As at the second 
falling edge of CAS. 

Table 1 - NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 

SEQUENCE NIBBLE BIT RAs ROW ADDRESS CAs 

RAS/CAS (normal mode) 0 10101010 0 

toggle CAS (nibble mode) 2 10101010 0 

toggle CAS (nibble mode) 3 0 10101010 

toggle CAS (nibble mode) 4 1 10101010 

toggle CAS (nibble mode) 0 10101010 0 
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Suggested CAS-before-RAS Counter Test 
Procedure 
The timing, as shown in the CAS-before
RAS Counter Test Cycle, is used for 
the following operations: 
1) Initialize the internal refresh address 

counter by using eight CAS-before
RAS refresh cycles. 

2) Throughout the test, use the same 
column address, and keep RA8 high. 

3) Write "low" to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read· 
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh address 
counter. 

5) Read "high" written in step 4) and 
check by usi ng normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 

COLUMN 
ADDRESS 

10101010 input addresses 

"""" J 10101010 generated i nternall y 

10101010 

10101010 sequence repeats 
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Fig. 2 - Nibble Mode 

1) The case of first nibble cycle is Early write 

RAS ~ ,--\~. ____________________________ ~I 

WE~ , / 

D,N x::::x: _____ ---<x::x:::x:x ___ _ 
DOUT J>--------------HIGH.Z----------------

LEarlY Write • I. No ope.~._+_I. ___ --Write'---41-.~--'Write______J 
(Add. Increment) o : Valid Data 

2) The case of first nibble cycle is delyed write (Read-Write) 

RAS ~ ,--
\~.--------_____ ~I 

\ / ''--__ ..JI 
---~~------~~--

DOUT 
l---Read-Write---fl_. -Read-Write-_.41-.~-Read___+__Read-Write__J 

El : Valid Data 
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Table-2 FUNCTIONAL TRUTH TABLE 

RAS CAS WE D,N DouT Read Write Refresh Note 

H H Don't Care Don't Care High-Z No No No Standby 

L L H Don't Care Valid Data Ves No Ves Read 

L L L Valid Data High-Z No Ves Ves 
Early Write 

twcs~twcs (min) 

L L L Valid Data Valid Data Ves Ves Ves 
Delayed Write or Read-Write 

(tCWD ~tcWD (min)) 

L H Don't Care Don't Care High-Z No No Ves RAS- only Refresh 

CAS-before-RAS Refresh Valid 
L L Don't Care Don't Care Valid Data No No Ves data selected at previous Read 

or Read-Write cycle is held. 

H L Don't Care Don't Care High-Z No No No CAS disturb. 

Fig. 3 - CURRENT WAVEFORM (VCC = 5.5V, TA = 25°C) 

A AS/CAS Cycle Hidden Aefresh Cycle AAS-only Aefresh Cycle Nibble Mode Cvcle 
AAS 
CAS 
~ fro--

t--V-'-~ ---
< 160 

.5 120 
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/\ 1\ 1/\ 
/\ I \ ill 

.Il lI\ I 
1\ J~ 

\ 
~f'\ J \ ,/I ~ 

IV " ~ I~ V "-W \J V 1"-~ !'-.. 
rvv \. A A 

50ns/Division 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 5 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 
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Fig. 17 - ADDRESS AND DATA INPUT 
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PACKAGE DIMENSIONS 
(Suffix: ·C) 

DIP·16C·A03 

16·LEAD CERAMIC (METAL SEAL) DUAL IN·LINE PACKAGE 
(CASE No.: DIP·16C·A03) 

_-.::::::::.",1 0.'09. 

R.osOI1.2 
REF .\ 

INDEX ARE .\ 

.100t.Ol0 
12.S4'0.2S) 

~ 
tJ 
I. 

[ 
.776~:~~:119.71~~::~ ) 

.700117.78)AEF 

.047~:~~~11.20~~:~~) 
©1987 FUJITSU I.IMITED D16035S.3C 

] 
~~ 

.300'.010 

.......,::::::!:==FI="]~' 
! .010 •. 002 

(0.25'0.05) 

W·200IS.08)MAX 

.134 •. 014 
13.40'0.36) 

.032 •. 012 
10.81.0.30) 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 
(Suffix: ·C) 

R.030(0.761"" 
TVP 

DIP·16C·A04 

16·LEAD CERAMIC (METAL SEAL) DUAL IN·LINE PACKAGE 
(CASE No.: DIP·16C·A04) 

-
1 __ ~:;:::::J OOtoge 

TI 
I 

.300'.010 ~ ( INDEX AREA 

"'-, ..., 
=-- =--

) 
=-- =-- ==- c:= 

-"''--===iIF=??,,,,!]~1 
/ .010t.002 

(0.25tO.05) 

1-88 

.loot.Ol0 
(2.54tO.25) 

.700(17.78)REF 

.050~:~~ (1.27~~:~~) 
@1987 FUJITSU LIMITED DI6044S-2C 

.043(1.09)TVP 
(x4 PLCS) 

.035t.015 
(0.89tO.38) 

.2oo(5.08)MAX 

.134'.014 
(3.40tO.36) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
(Suffix: -PI 

INDEX·l 

INDEX·2 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP·16p·M031 

I 
.260±.010 

~::;=;=:;;:=;::::::;::::;::::;:=;=:::;=::;=::;=;=:;:=;::::;!o!~0.25) 
f------.766~:g~~(19.45~g:~)~ 

.033::g~~ 

(o.85~g:~) 

.047~OOI2 

(1.2~g·3) 

©1987 FUJITSU LIMITED D16030S·2C 

MB81257-80 

~;;;;;;::::;:::::::::,1.,.:150 MAX 

.010~:gg~ 

(0.25~g:~~ ) 

.300±.010 
(7.62±0.25) 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 
(Suffix: -pOI 

01988 FWITSU LIMITED C1BOI9S-1C 

1';'90 

18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE NO_! LCC-18P-M04) 

.S27±.00S 
113.39±0.131 

1 
.490±.OO3 

'-,~".....~ ·:"rr 

I . 1020~~~~1 
.01710.431 

TYP 

.263±.020 
16.68±0.SII 

.060(1.S21 MIN 

.02SI0.64IMIN 

01·00410.1011 r 
.468±.020 

~±0.511 

@: LEAD No. 



PACKAGE DIMENSIONS 
(Suffix: -PSZ) 

LEAD 
No.1 

PIN ASSIGNMENT 

16 

ZIP-16P-M01 

16 LEAD PLASTIC ZIGZAG-IN-LiNE PACKAGE 
(CASE No_: ZIP-16P-M01) 

INDEX 

c5 
.010±.002 

(0.25'0.05) 

- .050(1.27) --l .020±.004 
TYP (0.50±0.10) 

~ n U U 

© 1987 FUJITSU LIMITED Z16001S·3C 

MB81257-80 

.112 •. 008 
(2.85.0.2) 

J. .327(8.3) 

'- f- Mr 
~~-t 

.118(3.0)MIN 

~ I. . 1.100(2.54) 
TYP 

Dimensions in 
inches (millimeters) 
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MB81464-121-15 
DATA SHEET 

00 
FUJITSU 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 

65,536 x 4 Bits Dynamic Random Access Memory 
The Fujitsu MB81464 is a fully decoded, dynamic random access memory 

organized as 65,536 words by 4 bits. The design is optimized for high speed, high 
performance applications such as mainframe memory, buffer memory, peripheral 
storage, and system memory for microprocessor units where low power dissipation 
and a compact layout is required. 

The muRiplexed row and column address inputs permit the MB81464 to be 
housed in standard 18-pin DIP and PLCC, or 20-pin ZIP packages. Additionally, the 
MB81464 offers new functional enhancements that make it more versatile than 
previous dynamic RAMs. The ~-before-~ refresh cycle provides an on-chip 
refresh capability. The MB81464 also features page mode which allows high speed 
random access of up to 256 bits within the same row. 

The MB81464 uses silicon gate NMOS and Fujitsu's advanced Triple-layer 
Polysilicon process technology. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are non critical, and power supply tolerance is very wide. All inputs are 
TIL compatible. 

• 65,536 x 4 DRAM organization 
• Siliconllate, Triple Poly NMOS. single 

transistor cell 
• Row Access Time (lilAC) 

120 ns max. (MB 81464-12) 
150 ns max. (MB 81464-15) 

• Cycle Tillie (tll(;). 
220 ns min. (MB 81464-12) 
260 ns min. (MB81464-15) 

• Page Cycle Time (!PC) 
120 n8 max. (MB 81464-12) 
145 ns max. (MB81464-15) 

• Single +5 V Supply, ±10% tolerance 

• LowPower 
358mWmax. (MB81464-12) 
314mWmax. (MB81464-15) 
27.5 mW max. (standby) 

Absolute Maximum Ratings 

• On-ehip substrate bias generator 
for high performance 

• AU inputs/outputs are TIL compatible 
• 4 ms/256 refresh cycles 
• Early write or OE' controUed write 

capacity 
• mlS-before-mlS. mIS-only, 

Hidden refresh capability 
• Read write capability 
• On-chip latches for addresses and 

DOs 

• ~m~~~.tthlJ.PD41254,HM50464, 

• Standard IS-Pin Plastic Packages: 
DIP (MB81464-XXP). 
PLCC (MB81464-XXPV) 

Standard 2().Pin Plastic Package: 
ZIP (MB81464-XXPSZ) 

Standard IS-Pin Ceramic Package: 
DIP (MB81464-XXC) Metal Seal 

_, Permanent dellice damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to !he conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions tor ex
tended periods may affect device reliability. 

Copjright © 1980 ~ FWITSU LIMITED and FufIIIU MIc ...... "",1cI, Inc. 

PLASTIC PACKAGE 
DIP-18P-MOl 

PLASTIC PACKAGE 
LCC-18P-M04 

PLASTIC PACKAGE 
ZIP-20P-MOl 

DIP·laC·AD!: See Page 22 

PIN ASSIGNMENT 

Pin assignment for ZIP: See page 21 

__ contal .. cln:uhryto pmIaClthe 1_ agalnll 
_ due to high lIallcvollageo or eledrlc tloldo. However, I 
II adY!ud IfIat normal ~ be'-' to avaId application 
01 any \OOItago hlgh<o Ihan maxImom _ voIIageo to .hll high 
~cIn:ult. 

1·93 



MB81464-12 
MB81464-15 

Fig. 1 - MB 81464 BLOCK DIAGRAM 
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1/0 GATING -

AO-
j j 

A,_ r-'--f--
A2- a: 

"'''' w 
A3- "'a: ..., Cl Ww 0 a:u. II 262,144 BIT 
A._ Ou. w 

0:::> 

ll\ 
0 STORAGE CELL 

<tID 
As- :;: 

'-v' 0 
a: 

A6-

A7-
,---r--

-

I SUBSTRATE 
BIAS GEN. 

CAPACITANCE (T A = 25°C) 

Parameter Symbol 

Input Capacitance Ao to A7 CIN1 

Input Capacitanct RAS, CAS, WE, OE C IN2 

Data I/O Capacitance (001 to 004) Coo 

WRITE 
CLOCK I--w 
GEN. 

• 

DATA 
IN f--

BUFF. 

;-c ~ D01-D04 

"---
DATA 
OUT I---

~ 
BUFF. 

I 0 

--Vee 

-Vss 

Value 
Unit 

Typ Max 

- 7 pF 

- 10 pF 

- 7 pF 



RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Value 
Parameter Symbol 

Min Typ 

Vcc 4.5 5.0 
Supply Voltage 

Vss 0 0 

Input High Voltage, all inputs VIH 2.4 -

Input Low Voltage, all inputs except DO VIL -2.0 -

Input Low Voltage, DO VILD , -1.0 -

Unit 
Max 

5.5 V 

0 V 

6.5 V 

0.8 V 

0.8 V 

MB81464-12 
MB81464-15 

Operating 
Temperature 

O°C to 70°C 

" The device will withstand undershoots to the - 2.0 V level with a maximum pulse width of 20 ns at the -1.5 V level. 

DC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted'! 

Value 
Parameter Symbol 

Min Typ Max 

OPERATING CURRENT" MB 81464·12 65 
Average Power Supply Current Icc. 
(RAS, CAS cycling; tRC = min) MB 81464·15 57 

STANDBY CURRENT 
Icc2 5.0 

Power Supply Current (RAS = CAS = V IH ) 

REFRESH CURRENT 1" MB 81464-12 55 
Average Power SuppJy Current Icc3 
(CAS = VIH , RAS cycling; t RC = min) MB 81464-15 50 

PAGE MODE CURRENT" MB 81464-12 35 
Average Power Supply Current Icc4 
(RAS = VIL , CAS = cycling; tpc = min) MB 81464·15 30 

REFRESH CURRENT2" MB 81464-12 60 
·Average Power Supply Current Iccs 
(CAS-before-RAS; t RC = min) MB 81464-15 55 

INPUT LEAKAGE CURRENT any input 
(OV ~ VIN ~ 5.5V, 4.5V ~ Vcc ~ 5.5V, Vss = OV, II(L) -10 10 

all other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT 
IDQ(L) -10 10 

(Data out is disabled, 0 V ~ VOUT ~ 5.5 V) 

OUTPUT LEVEL 
Output High Voltage (lOH = -5 mAl 

VOH 2.4 

OUTPUT LEVEL 
VOL 0.4 

Output Low Voltage (LoL = 4.2 mAl 

Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 
Icc is dependent on input low voltage level VILD , V1LD > -0.5 V. 

Unit 

mA 

mA 

mA 

mA 

mA 

JJ.A 

JJ.A 

V 

V 
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AC CHARACTERISTfCS 
(At recommended operating conditions unless otherwise noted.) lililllllllll 

MB 81464-12 
Parameter II!IDlI Symbol 

Min Max 

Time between Refresh tREF 4 

Random Read/Write Cycle Time t RC 220 

Read-Modify-Write Cycle Time t RwC 305 

Page Mode Cycle Time tpc 120 

Page Mode Read-Modify-Write Cycle 
tPRWC 195 Time 

Access Time from RAS Ell t RAC 120 

Access Time from CAS In t CAC 60 

Output Buffer Turn Off Delay tOFF 0 25 

Transition Time tT 3 50 

RAS Precharge Time tRP 90 

RAS Pulse Width tRAS 120 100000 

RAS Hold Time tRSH 60 

CAS Precharge Time (Page mode only) tcp 50 

CAS Precharge Time 
tCPN 32 (All cycles except page mode) 

CAS Pulse Width tCAS 60 100000 

CAS Hold Time tcsH 120 

RAS to CAS Delay Time III tRco 22 60 

CAS to RAS Set Up Time tCRS 10 

Row Address Set Up Time tASR 0 

Row Address Hold Time tRAH 12 

Column Address Set Up Time t ASC 0 

Column Address Hold Time tCAH 20 

Read Command Set Up Time tRCS 0 

Read Command Hold Time II tRRH 15 Referenced to RAS 

Read Command Hold Time 
iii tRCH 0 Referenced to CAS 

Write Command Set Up Time l1li twcs -5 

Write Command Hold Time tWCH 30 

Write Command Pulse Width twp 30 

Write Command to RAS Lead Time III tRWL 40 

1-96 

MB81464-15 
Unit 

Min Max 

4 ms 

260 ns 

345 ns 

145 ns 

225 ns 

150 ns 

75 ns 

0 30 ns 

3 50 ns 

100 ns 

150 100000 ns 

75 ns 

60 ns 

35 ns 

75 100000 ns 

150 ns 

25 75 ns 

10 ns 

0 ns 

15 ns 

0 ns 

25 ns 

0 ns 

20 ns 

0 ns 

-5 ns 

35 ns 

35 ns 

45 ns 



AC CHARACTERISTICS (cont'd) 
(At recommended operating conditions unless otherwise noted) 

MB81464-12 
MB81464-15 

MB B1464-12 MB81464-15 
Parameter -- Symbol 

Min 

Write Command to CAS Lead Time III tCWL 40 

Data In Set Up Time tos 0 

Data In Hold Time tOH 30 

Access Time from OE tOEA 

OE to Data In Delay Time tOED 25 

Output Buffer Turn Off Delay from OE tOEZ 0 

OE Hold Time Referenced to WE tOEH 0 

CAS Set Up Time Referenced to RAS 
tFCS 20 (CAS-before-RAS refresh) 

CAS Hold Time Referenced to RAS 
tFCH 25 (CAS-before-RAS refresh) 

RAS Precharge to CAS Hold Time 
tRPC 10 (Refresh cycles) 

CAS Precharge Time 
tCPR 30 (CAS-before-RAS cycles) 

OE to RAS in activ; Set Up Time tOES 0 

DIN to CAS Delay Time • tozc 0 

DIN to OE Delay Time • tozo 0 

Refresh Counter Test Cycle Time III tRTC 430 

Refresh Counter Test Cycle 
III tTRAS 330 

RAS Pulse Width 

Refresh Counter Test CAS 
III tCPT 60 

Precharge Time 

Notes: 
D An initial pause of 200Jls is required after power-up 

followed by any 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS-before·RAS initialization 
cycles instead of 8 RAS cycles are required. 

III AC characteristics assume tT ; 5 ns. 
II VIH (min) and V IL (max) are reference levels for meas

uring timing of input signals. Also, transition times are 
measured between V IH (min) and V IL (max). 

D Assumes that tRCO ;:;; tRCO (max). If tRco is greater 
than the maximum recommended value shown in this 
table, tRAC will be increase by the amount that tRCo 
exceeds the value shown. 

II Assumes that tRCO ~ tRCO (max). 

Unit 
Max Min Max 

45 ns 

0 ns 

35 ns 

30 40 ns 

30 ns 

25 0 30 ns 

0 ns 

20 ns 

30 ns 

10 ns 

30 ns 

0 ns 

0 ns 

0 ns 

505 ns 

10000 395 10000 ns 

70 ns 

iii Measured with a load equivalent to 2 TTL loads and 
100pF. 

II Operation within the tRCO (max) limit insures that 
tRAC (max) can be met. tACO (max) is specified as a 
reference point only; if tACO is greater than the speci
fied tRCO (max) limit, then access time is controlled 
exclusively by tCAC . 

II tACO (min); tRAH (min) + 2tT (tT ; 5 ns) + tASC (min) 

III Either tARH or tRCH must be satisfied for a read cycle. 
D twcs is not restrictive operating parameter. It is included 

in the data sheet as electrical characteristics only. Even if 
twcs ;:;; twts(min), the write cycle can be excuted by 
satisfying t RWL or tCWL specification. 

• Either tozc or tOAD must be satisfied for all cycles. 
16 Refresh Counter Test Cycle only. 
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OE Write Cycle 

RAS 

CAS 

ADDRESSES 

WE 

DO V, 
IINPUT) 

DO 
(OUTPUT) 

Oe V, 

Read·Modify·Write Cycle 

RAS V'H-
V 1L-

CAS V'H-
V 1L-

WE V'H-

V'L-

DO V'H-
IINPUT) 

V'L 

DO 
(OUTPUT) 

OE 
V 1H-

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high·Z state. 

(;lZI Don't care 

I!!.!!lI Don', Ca,e 

MB81464-12 
MB81464-15 
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OQ 
(INPUT) 

OQ 
(OUTPUT) 

OQ 
(INPUT) 

Page Mode Read Cycle 

r----------------------'RAS----------------------~r----_. 

Page Mode Write Cycle 
(OE=Don't Care) 

c::J Don't Care 

OQ VOH-________________________________ _ 
(OUTPUT) "OL HI GH-Z---!!!I" ---------------------------

0!iI Don', Car. 

1-100 



DO 
(INPUT) 

DO 
(OUTPUT) 

Page Mode OE Write Cycle 

V'H- ~*++~\t~CS>i--:j 
V'L-

V'H- -----+-+---:!l 
V'L-

V'H- -_ ..... .".,1!!+_7..;.---.p._.,....,r---"""'!I~~""II'._·to 
V'L- "";..i.;.._'"'"'''ItoJ 

Note: 11 When OE is kept high through a cycle, the DO pins are kept high-Z state_ 

D Don't Care 

MB81464-12 
MB81464-15 

~ INVALID DATA 
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1·102 

DO 
(INPUT) 

DO 
(OUTPUT) 

ADDRESSES V1H
V 1L-

DO 
(OUTPUT) 

Page Mode Read Modify·Write Cycle 

RAS-Only Refresh Cycle 
(WE, OE= Don't Care) 

III Don', Ca,e 

======}----------HIGH.Z:-----------
III Don't Care 



CAS·before·RAS Refresh Cycle 
NOTE: Addresses, WE, DE = Don't care 

MB81464-12 
MB81464-15 

DO VOH-_______________ HIGH.Z ______________ _ 

(OUTPUTI VOL 

ADDRESSES 

DO 
(OUTPUn 

DO 
(lNPUTI 

Hidden Refresh Cycle 

III Don't car. 

• Don't care 
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RAS 

CAS 

VIH-
V1L-

VIH-
V1L-

ADDRESSES VIH-
V1L-

WE 
VIH-
V1L-

DO VIH-
II NPUT) V1L-

DO 
(OUTPUT) VOL-

DESCRIPTION 
Address Inputs: 
A total of sixteen binary input address 
bits are required to decode parallel 4 
bits of 262,144 storage cell locations 
within the MB 81464. 
Eight row·address bits are established on 
the input pins (Ao through A7) and 
latched with the Row Address Strobe 
(RAS). The eight column-address bits 
are established on the input pins (Ao 
through A7) and latched with the 
Column Address Strobe (CAS). 
The row and column address inputs 
must be stable on or before the falling 
edge of RAS and CAS, respectively. 
CAS is internally inhibited (or "gated") 
by RAS to permit triggering of CAS as 
soon as the Row Address Hold Time 
(tAAH) specification has been satisfied 
and the address inputs have been 
changed from row-addresses to column
addresses. 

1-104 

Refresh Counter Test Cycle 

Write Enable: 
The read mode or write mode is selected 
with the Write Enable (WE) input. A 
high on WE selects read mode and low 
selects write mode. The data inputs are 
disabled when the read mode is selected. 
When WE goes low prior to CAS, data
outs will remain in the high-impedance 
state allowing a write cycle. 

Data Pins: 
Data Inputs; 

Data are written during a write or read· 
modify-write cycle. The later falling 
edge of CAS or WE strobes data into the 
on-chip data latches. In an early-write 
cycle, WE is brought low prior to CAS 
and the data is strobed by CAS with 
setup and hold times referenced to CAS. 
In a read-modify-write cycle, thus the 
data will be strobed by WE with set-up 
and hold times referenced to WE. 
In a read-modify-write cycle, OE must 

E3 Don't Care 

be low after tozo to change the data 
pins from input mode to output mode 
and then OE must be changed to low 
before tOEO to return the data pins to 
input mode. In an early write cycle, 
data pins are in input mode regardless 
of the status of OE. 

Data Outputs; 
The three-state output buffers provide 
direct TTL compatibility with a fan out 
of two standard TTL loads. Data-out 
are the same polarity as data-in. The 
outputs are in the high-impedance state 
until CAS is brought low. In a read 
cycle, the outputs go active after the 
access time interval tAAC and tOEA are 
satisfied. The outputs become valid 
after the access time has elapsed andre
main valid while CAS and OE are low. 
In a read operation, either OE or CAS 
returning high brings the outputs into 
the high impedance state. 



Output Enable: 
The OE controls the impedance of the 
output buffers. In the high state on OE, 
the output buffers are high impedance 
state. In the low state on OE, the out· 
put buffers are low impedance state. 
But in early write cycle, the output buf· 
fers are in high impedance state even if 
DE is low. In the page mode read cycle, 
OE can be allowed low through the 
cycle. In the page mode early write 
cycle, OE can be allowed high through· 
out the cycle. In the page mode read· 
modify,write or delayed write cycle, 
DE must be changed from low to high 
with tOED, 

Page Mode: 
Page Mode operation permits strobing 
the row-address into the MB 81464 
while maintaining RAS at a low through
out all successive memory operations in 
which the row-address doesn't change. 
Thus the power dissipated by the 
falling edge of RAS is saved. Further, 
access and cycle times are decreased 
because the time normally required to 
strobe a new row-address is eliminated. 

Refresh; 
Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(AD through A7) at least every four 
milliseconds. 
The MB 81464 offeres the following 
three types of refresh. 

RA8-0nly Refresh: 
RAS-only refresh avoids any output 
during refresh because the output buf
fuers are in the high impedance state 
unless CAS is brought low. Strobing 

each of 256 row·addresses with RAS 
will cause all bits in each row to be reo 
freshed. 
Further RAS-only refresh results in a 
substantial reduction in power dissipa
tion. 

CAS-before-RAS Refresh; 
CAS-before-RAS refreshing available on 
the MB 81464 offers an alternate re
fresh method. If CAS is held low for 
the specified period (tFCS) before RAS 
goes to low, on chip refresh control 
clock generators and the refresh address 
counter are enabled, and a internal 
refresh operation takes place. 
After the refresh operation is per
formed, the refresh address counter is 
automatically incremented in prepara
tion for the next CAS-before-RAS 
refresh operation. 

Hidden Refresh: 
Hidden refresh cycle may take place 
while maintaining latest valid data at 
the output by extending CAS active 
time. 
In MB 81464, hidden refresh means 
CAS-before-RAS refresh and the inter
nal refresh addresses from the counter 
are used to refresh addresses i.e., it 
doesn't need to apply refresh addresses, 
because CAS is always low when RAS 
goes to low in the cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 
A special timing sequence using CAS
before·RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re
fresh activated circuitry. After the 
CAS-before·RAS refresh operation, if 

MB81464-12 
MB81464-15 

CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol
lows: 
* A ROW ADDRESS - All bits are 

defined by the refresh counter. 
*A COLUMN ADDRESS - All the bits 

AD to A7 are defined by latching 
levels on AD to A7 at the second 
falling ~dge of CAS. 

Suggested CAS-before-RAS Counter 
Test Procedu re 
The timing, as shown in the CAS-before
RAS Counter Test Cycle, is used for the 
following operations: 
1) Initiali?e the internal refresh address 

counter by using eight CAS-before
RAS refresh cycles. 

2) Throughout the test, use the same 
column address. 

3) Write "low" to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simlJlt~neously write 
"high" to the same address by using 
internal refresh counter test cycles. 
This step is repeated 256 times, with 
the addresses being generated by 
internal refresh address counter. 

5) Read "high" written in step 4) and 
check by using normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 
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TYPICAL CHARACTERISTICS CURVES 
Fig. 3 - NORMALIZED ACCESS TIME 
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Fig. 4 - NORMALIZED ACCESS TIME 
VS. AMBIENT TEMPERATURE 
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Fig. 15 - REFRESH CURRENT 2 Fig. 16 - ADDRESS AND DATA INPUT 
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MB81464-12 
MB81464-15 

1-110 

<C 
..s 
t-
z 
w 
a: 
a: 
::J 
u 
t-
::J 
a. 
t-
::J 
0 
.:, 

,2 

;,....J<:: 
a. 
a.W 
::JC) 
"'« .t
u . ...J 
uo » 

w 
t-_ 

300 

250 

200 

150 

100 

Fig. 21 - OUTPUT CURRENT 
VS. OUTPUT VOLTAGE 
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Fig, 23 - SUBSTRATE VOLTAGE 
DURING POWER UP 
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PACKAGE DIMENSIONS 
(Suffix: ·PI 

.0500·27) 

MAX 

.. 1988 FUJITSU LIMITED 018011S·3O 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP·18P-M03) 

100(2.54) 

TPY 

MB81464-12 
MB81464-15 

~mens/onl i1 
Inches (mIn ...... ) 
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MB81464-12 
MB81464-15 

PACKAGE DIMENSIONS 
(Suffix: ·PDI 

.322±.005 
(S.IS±0.13) 
.2s5±.003 

(7.24± .OS) 
li)l@ 

p, 
INDEXI 

18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCCo18p·M04) 

.527±.005 
(13.39±0.13) 

I 

134 +.006(340+ 0 .15) 
. -.002· -0.05 

.060( 1.52) MIN 

__ +__ .490±.003 

'-n-rrl:TTTT" :"rr 
C~) ~11; 

III 1l18li FWITSU LiMITEOC1BOl9S-1C 
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Dimensions In 
Inches (mllimeters) 



PACKAGE DIMENSIONS 
(Suffix: ·PSZ) 

(TOP VIEW) 

CAS VSS D0l WE NC. A6 A4 A7 A2 AO 

211 411 611 811 1011 12,1 1411 16" 18 .. 2011 
L"l.C"l,'t::I.l: :1'(:::1 C..l.c:JL It:lt:l1: J a: .1C'l.t :1I::l C l.t.:J..C.IL:J. 

I', 311 5" 7" gil 1111 13" 15 ,1 17" 19t! 

OQ3 DQ4 OE DQ2 RAS NC. A5 Vee A3 A, 

2D-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M01) 

I: 
INDEX 

d 

! I 

.050(1.27) 

TYP 

(BOTTOM VIEW) 

@ 1008 FUJITSU LIMITED Z20001S-4C 

II .020±.004 
(0.50±0.10) 

.260± 
(6.60± 

~ 

20 

.010 
0.25) 

.01O±.002 

(0.25±0.05) 

MB81464-12 
MB81464-15 

112± 008 
(2.85±0.20) 

J .312±.013 
(7.93±0.33) 

~~ ~ rf'~ 
.118(3.00) MIN 

---.l 
.100(2.54) TYP 

(ROW SPACE) 

Dimensions In 
Inches (milRmeters) 
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MB81464-12 
MB81464-15 

PACKAGE DIMENSIONS 
(Suffix: -C) 

DIP-18C-A01 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A01) 

J.- O"to 9' 

''''''''~~~ ~ ~ ~ ~!J]3~)'?+~)~-----\ 
I.. .900±.010 _I 

@1988FUJITSUlIMITEDD1B014S-4C 

1-114 

122.86±0.25) 

Dimensions in 
Inches (millimeters) 



Section 2 

CMOS DRAMs - At a Glance 
Maximum 
Access Package 

Page Device Time (ns) Capacity Options 

2-3 MB81Cl000-70 70 1048576 bits IS-pin Plastic DIP 
--so 80 (1048576 xl) IS-pin Ceramic DIP 
-10 100 2O-pin Plastic ZIP 
-12 120 26-pin Plastic SOJ 

2-25 MB81Cl00o-70L 70 1048576 bits IS-pin Plastic DIP 
-SOL 80 (1048576 x 1) IS-pin Ceramic DIP 
-10L 100 2o-pin Plastic ZIP 
-12L 120 26-pin Ceramic SOJ 

2-47 MB81Cl000A-OO 60 1048576 bits IS-pin Plastic DIP 
-70 70 (1048576 xl) IS-pin Ceramic DIP 
-80 80 2o-pin Plastic ZIP 
-10 100 24-pin Plastic FPT 

26-pin Plastic SOJ 

2-71 MB80Cl000A-70L 70 1048576 bits IS-pin Plastic DIP 
-SOL 80 (1048576 xl) IS-pin Ceramic DIP 
-10L 100 2O-pin Plastic ZIP 

24-pin Plastic FPT 
26-pin Plastic SOJ 

2-95 MB81Cl00I-70 70 1048576 bits IS-pin Plastic DIP 
--so 80 (1048576 x 1) IS-pin Ceramic DIP 
-10 100 2o-pin Plastic ZIP 
-12 120 26-pin Plastic SOJ 

2-117 MB81Cl00I-70L 70 1048576 bits IS-pin Plastic DIP 
-SOL 80 (1048576 x 1) 18-pin Ceramic DIP 
-10L 100 2o-pin Plastic ZIP 
-12L 120 26-pin Plastic SOJ 

2-139 MB81Cl001A-60 60 1048576 bits IS-pin Plastic DIP 
-70 70 (1048576 xl) IS-pin Ceramic DIP 
--so 80 2o-pin Plastic ZIP 
-10 100 24-pin Plastic FPT 

26-pin Plastic SOJ 

2-163 MB80Cl001 A-70L 70 1048576 bits 18-pin Plastic DIP 
-SOL 80 (1048576 x 1) 18-pin Ceramic DIP 
-10L 100 20-pin Plastic ZIP 

24-pin Plastic FPT 
26-pin Plastic SOJ 

2-187 MB81C4256-70 70 1048576 bits 2o-pin Plastic DIP,ZIP 
--so 80 (262144x4) 2o-pin Ceramic DIP 
-10 100 26-pin Plastic SOJ 
-12 120 

2-211 MB81 C4256-70L 70 1048576 bits 2o-pin Plastic DIP,ZIP 
-SOL 80 (262144 x 4) 2o-pin Ceramic DIP 
-10L 100 26-pin Plastic SOJ 
-12L 120 
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CMOS DRAMs Dynamic RAM Data Book 

CMOS DRAMs - At a Glance (Continued) 
Maximum 
Accesa Package 

Page Device Time (ns) Capacity Options 

2-235 MB81C4256~ 60 1048576 bits 20-pin Plastic DIP,ZIP 
-70 70 (262144x4) 20-pin Ceramic DIP 
-00 80 24-pin Plastic FPT 
-10 100 26-pin Plastic SOJ 

2-261 MB81C4256A-70L 70 1048576 bits 2O-pin Plastic DIP,ZIP 
-OOL 80 (262144x4) 2O-pin Ceramic DIP 
-10L 100 24-pin Plastic FPT 

26-pin Plastic SOJ 

2-287 MB814100-00 80 4194304 bits 18-pin Plastic DIP 
-10 100 (4194304 xl) 20-pin Plastic ZIP 
-12 120 26-pin Plastic SOJ 

2-307 MB814100-00L 80 4194304 bils IS-pin Plastic DIP 
-10L 100 (4194304 xl) 20-pin Plastic ZIP 
-12L 120 26-pin Plastic SOJ 

2--309 MB814101-OO 80 4194304 bits IS-pin Plastic DIP 
-10 100 (4194304 XI) 20-pin Plastic ZIP 
-12 120 26-pin Plastic SOJ 

2-.'329 MB814101-OOL 80 4194304 bits IS-pin Plastic DIP 
-10L 100 (4194304 xl) 20-pin Plastic ZIP 
-12L 120 26-pin Plastic SOJ 

2-331 MB814400-OO 80 4194304 bils 20-pin Plastic DIP,ZIP 
-10 100 (1048576 x 4) 26-pin Plastic SOJ 
-12 120 

2-353 MB814400-OOL 80 4194304 bits 20-pin Plastic DIP,ZIP 
-10L 100 (1048576 x 4) 26-pin Plastic SOJ 
-12L 120 
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January 1990 
Edition 3.0 

DATA SHEET 

MB81 C1 000-701-801-101-12 

cO 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Fast Page Mode DRAM 
The Fuj~su MB81C1000 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1000 has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, (lr compact layout. 

Fuj~su's edvanced three-dimensional stacked capacoor cell technol!lgy gives the 
MB81C1000 high a-ray soft error immun~. CMOS technol!lgy is used in the 
peripheral circu~s to provide low power dissipation and high speed operation. 

This specHication applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

• 1,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 8.2 ms 

• Common VO capability by using 
earlywr~e 

• rom- only, ~-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-ModHy-Wr~e 
capabil~y 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) __ Ii 

Nota: Pennanenl device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be resbicted 10 the conditions as detailed in the operation 
sections of this data sheet Exposure to absoluta maximum rating conditions for ex
tanded periods may affect device reliability. 

Copyright © 1980 by FWITSU LIMITEO and F",hu U_Ic8.Inc. 

DIP-l BP-M04 

DIP-1BC-AOl 

LCC-26P-M04 

Z1P-ZOP-III02 

Thla device conlaN Circuitry ID prdact the Inputs against 
cIamoge clue to high Italic voIIageI or ..... 'Ic 1Io1da. HowIMor. tt 
Is _ thai normal procauIionl be taken to avoid appllcallon 
III"" voltage higher than maximum ,_ voIIagoo to lllio high 
irr1>Odanr»clraltt. 
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MB81C1DOO-70 
MB81C100D-SO 
MB81C100D-10 
MB81C1000-12 

AO 

A1 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

Fig. 1 - MB81C1000 DYNAMIC RAM-BLOCK DIAGRAM 

-Vee 

-Vss 

CAPACITANCE (TA= 25°C,f = 1 MHz) 
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PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 

RAS 

TE 

NJ 

A1 

/42 

1>3 

18-P1n DIP: 
(TOP VIEW) 

VSS 

DOur 
CAS 

A9 

All 

1\7 

NJ 

A5 

M 

2~lnZ1P: 
(TOP VIEW) 

DIN 

WE 
iiAS 

TE 
NC. 

AO 

"1 
A2 

A3 

Vee 

: 1 

2 

: 3 

• 
[ 5 

~ 
9 

10 

~ 
11 

12 

[ 13 

2~PlnSOJ: 

(TOP VIEW) 

26 

25 
24 

23 

22 

1. 

17 

1. 

15 

14 

CAS Vss WE TE NC. A1 "'3 A4 A. A. 

2.. 41 I 8.. 8.. lOi. 12i. 1 •• I 16.. 18. I 2Oi. 
~U"U"UnU"U"U"U"U"U" 1'1 3' I 5' I ~ I 9" 11" 13" 15" 17" 19' I 

Vss 
Dour 
CAs 
NC. 

A9 

RECOMMENDED OPERATING CONDITIONS 

Supply Vol1age EJ 
Input High Vol1age, all inputs EJ VIH 2.4 6.5 

Input Low Voltage, all inputs EJ VIL -2.0 0.8 

V 

V 

V 

MB81C1000-70 
MB81C1000-80 
MB81 C1 000-1 0 
MB81C1000-12 

o °c to +70 °c 
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MB81 C1 000.70 
MB81C1000-SO 
MB81 C1 OOD-1 0 
MB81C100o.12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1,048,576 cell addresses in !he memory matrix. Since only tan address bits are available, the 
column and row inputs are separataly strobed by ~ and"RAS as shown in Figure 1. First, nine row address bits are input on pins AO-througt.-A9 
and latched with the row address strobe (~ ) then, tan column address bits are input and latched with the column address strobe("CX§ ). Both row 
and column addresses must be stable on or before the falling edge of~ and"RAS, respectively. The address latches are of the flow-lhrough type; 

thus, address information appearing after IRAH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or writa mode is delermined by the logic stale of WE . When WE is active Low, a wriI8 cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is wrill8n into the MBa 1 Cl 000 during wrile or read-modify-wrile cycle. The input data is strobed and latched by the laler falling edge o~ or 
"WE. In an ea~y wrile cycle, data input is strobed by~ , and set up and hold times are referenced to ~ . In a delayed wriI8 or read-modify-wrile 
cycle, "WE is set low after ~. Thus, data input is strobed by "WE , and set up and hold times are referenced to "WE. 

DATA OUTPUT 

The three-stale buffers are m compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-lmpadance stale until the column address strobe goes Low. When a read or read-modify-wri18 cycle is executed, valid outputs are 
obtained under the foUowing conditions: 

tRAC : from the falling edge of~ when tRCD (max) is satisfied. 

tCAe : from the falling edge oI~ when tACO is greater than tRCO, tRAQ (max). 

IAA: from column address input when lRAo is grealer then lRAo (max). 
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DC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted) 

Input leakage cunent (any input) 11(l) OV S VIN S 5.5V; 
4.5V S VCC S 5.5V; 
VSS=OV;Al1 O1her pins 
not uncler Int ..t)V 

Output leakage Cllnant IO(L) 
OV S VOUT S; 5.5V; 
Da1a out clsabled 

Oparadng cunant 
RAS & CAS cycling; (Awrage power ICC 1 

supply cunant) m tRC=min 

S1andby cunent 1lA"5=CAs=VIH 
(Power supply ICC2 

cunant) 1!iAS=c"AS ~ VC~.2V 

Relrailh cunant 
CAs.,vIH, RAs 

'1 (Average power ICC3 
supply cunant) m cycling; I AC= min 

Fast Page Mode RAS = VIL, CAS ICC4 cunant m cycling; tpc = min 

Relrash current RAScyding ; 

'2 (Average power ICC 5 CAS-be~ 
supply cunant) m lAC = min 

Notes 3 

-10 

-10 

MB81C100D-7o 
MB81C1000-80 
MB81 C1 000-1 0 
MB81 C1 00D-12 

10 

~A 

10 

rnA 

2.0 
mA 

1.0 

rnA 

mA 

rnA 
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MB81C1000-70 
MB81 C1 ooD-SO 
MB81C1ooD-10 
MB81C1ooD-12 

AC CHARACTERISTICS 
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MB81C1000-70 
MB81C1000-80 
MB81 C1 000-1 0 
MB81C1000-12 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

t CSR 0 

t CHR 15 

t CAT 

t PC 53 

t PRWC 75 

t:illI tCPA 

tcp 10 

Nol .. : 
1. Referenced 10 VSS 
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number 0/ address change as ltlIS = VIL and 
~=VIH. 
1cc1, Icc3 and Iccs are specified at three time 01 address change 
during ltlIS = V,L and ~ = VIH. 
ICC4 is specified alone time 01 address change during ltlIS = V,L 
and ~=VIH. 

3. An Initial pause (ltlIS =~ =VIH) 01 2OOJ.I.s is required alter 
power-ilp Iollowed by any eight ltlIS -only cycles before proper 
device operation is achieved. In case 01 using internal refresh 
counter, a minimum 01 eight ~ 4lelore-ltlIS initialization 
cycles instead 01 8"m1!! cycles are required. 

4. AC characteristics assume tr = Sns. 
5. V IH (min) and V IL (max) are reference levels lor measuring 

timing 01 input signals. Also transition times are measured 
between V,H (min) and V,L (max). 

6. Assumes thallRco~ IACO (max), IRAOS IRAO (max). II IReD is 
greater than the maximum recommended value shown in this 
table, IRAe will be increased by the amounlthat IRco exceeds the 
value shown. Refer In Fig. 2 and 3. 

7. IIIRCO<!:tRcO (max),IRAo<!:IRAO (max), andlASc~1M -1cAc
IT, access time is IcAC . 

8. IftRAD ~ IRAO (max) and IAsc ~ 1M -ICAe - t T • access time is 

IAA . 
9. Measured wRh a load equivalent In two m loads and 100 pF. 

10. toFF and IoEz Is specified thaI outpul buller change In high 
impedance state. 

43 

53 

0 0 0 ns 

15 15 20 ns 

45 50 60 ns 

55 60 70 ns 

77 85 100 ns 

55 60 70 ns 

10 10 15 ns 

11. Operation within lhe IReD (max) limil ensures thallRAe (max) 
can be met. IRco (max) is specilied as a relerence poinl only; il 
IRCO is greater than lhe specified IRco (max) limil, access time is 
conlrolfed exclusively by teAe or I AA . 

12. IRCO (min) = IRAH (min)+ 21T + lAse (min). 
13. Operation wRhin the IRAG (max) limil ensures thallRAe (max) 

can be met. IRAG (max) is specified as a relerence poinl only; il 
IRAO is greaterlhan lhe specified IRAo (max) limi~ access time is 
conlrolled exclusively by IcAC or I AA . 

14. Either IRRH or IACH must be satisfied lor a read cycle. 
15. I wcs , I cwo , I,RWD and IAwo are nol a restrictive operating 

parameter. They are included in lhe data sheel as an electrical 
characteristic only. II tv.cs > I wcs (min), the cycle is an early 
write cycle and Doul pin will maintain high impedance state 
thoughoulthe entire cycle. II I CWO > I cwo (min), I RWD > t 
RWD (min) , and t AWD > I AWD (min), the cycle is a read 
modify--write cycle and data from the selected cell will apper at 
the Dout pin. II neRher 01 the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin • and write operation can be exected by salisfying tlwL ,t 
CWL ,and IRAt specifications. 

16 tePA is access time from the selection 01 a new column address 
(thaI is caused by changing ~ from "L" 10 "H"). Therefore, il 

tcP is long, tePA is longer than ICPA (max). 
17. Assumes thal~4lefore--"mI!! relresh. ~4lefore--ltlIS 

refresh counter test cycle only. 
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MB81C1DOO-70 
MB81C1000-s0 
MB81 C1 000-1 0 
MB81C1000-12 

FIg. 2 - \lAC: va. IACO 

160 I RAe (ns) 

140 ,~ 120 

100 I 

80ns Version 
I I 

80 I I 
70ns versior I I I 

I I 60 I I 
I I ',. I I 

I II II III 
20 40 60 80 100 120 

I ACO (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L L Valid 

L L Valid 

L H Valid 

CAS-before-RAS 
L L X Refresh Cycle 

Hidden Refresh 
H~L L X Cycle 

Not .. : 
X: "Wor"L" 
*1: II is impossible in Fasl Page Mode. 
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Valid 

Valid 

Valid 

FIg. 3 - \lAC: n. IRAe 

I RAe (ns) 160 

Valid 

X~ 
Valid 

140 

120 

100 
I 

80 SOns Version I I :::(f'+f"t 7On. Version 

60 II I I 

,.. I III! I I • 

High-Z 

Valid 

High-Z 

High-Z 

Valid 

20 40 60 80 100 120 

I RAe (ns) 

*1 
t RCS:' t RCS (min) Yes 

Yes 
*1 t wes:' t wcs(min) 

Yes *1 t cwo :. t cwo (min) 

Yes 

Yes t CSR:' t CSR (min) 

Yes Previous data is 
kepi 



RAS 
V 1H -

V 1L -

CAS 
V 1H -

V 1L -

AotoAg 
V 1H -

V 1L -

WE 
V IH -

V 1L -

Dour 
V OH -

VOL _ 

DESCRIPTION 

Fig. 4 - READ CYCLE 

tAC 

tRAS 

leRP 

MB81C1000-70 
MB81C1000-80 
MB81 C1 OOQ-1 0 
MB81C1000-12 

The read cycle is executed by keeping bo1h RAS and~ "l" and keeping WE"W throughoullhe cycle. Therow and oolumn addresses are 
latched with RAS and CAS, respectivaly. The data output remains valid with CAS "l", ie., W CAS goes "W , the data beoomes invalid after IOH 
is satisfied. The access time is detarminecl by AAs (tRAC), CAS (!CAC), or Column address input (tAA). If IRCD (RAS to'CAS delay lime)is 
greatar than the specification, the access time is tAA. 
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MB81C1000-70 
MB81 C1 000-80 
MB81C100D-10 
MB81 C1 000-12 

RAS VIH -
Vll _ 

CAS VIH -

Vll -

Ao to A. 
VIH -

Vll -

WE 

DIN 
VIH -

Vll -

Dour 
VOH -

VOL -

DESCRIPTION 

Fig, 5 - WRITE CYCLE ( Early Write) 

tRe 

tRAS 

tCSH 
tASH 

tCAS 

tRAl 

VALID 
DATA IN 

HIGH-Z 

li;l~1 'H" or'" 

The write cycle is executed by the same manner as read cycle except lor the state 01 WE and DIN pins. The data on DIN pin islatchad with the 
later falling edge 01 CAS or WE and written into memory. In addition, during write cycle, tAWl and tRAL must be satisfiad with the 
specifications. 
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CAS 

WE 

DIN 

V,H
VIL-

VIH_ 

V,L-

VIH

VIL-

V,H

Y,L-

VIH

VIL-

DOUT VOH-

VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

The read-modily-write cycle is executed by changing We from "H" to "L' alter the data appears on the DOUT pin. 
Alter the current data is read out, modified data can be rewritten into the same address quickly. 

MB81C1000-70 
MB81 C1 000-80 
MB81C1000-10 
MB81C1000-12 
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MB81C100Q-70 
MB81C1000-SO 
MB81 C1 OOQ-1 0 
MB81C100Q-12 

RAS 

CAS 

A loA 
o 9 

WE 

Dour 

DESCRIPTION 

Fig. 7 - FAST PAGE MODE READ CYCLE 

n1~M~11 -H- or"L-

The fast page mode read cycle is executedafte~aI ~ with hoking RAS "L", applying column address and CAs, and keeping WE"W . 
Once an address is selected normally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is teAC, tAA, or tePA, whichever occurs later. 
Any of the 1024 bits belonging 10 each row can be accessed. 
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"RAS V'H-

V'L -

CAS 

DIN 
V'H-

V'L -

Dour VOH -
VOL -

DESCRIPTION 

Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write) 

MB81C1000-70 
MB81 C1 000-80 
MB81 C1 000-1 0 
MB81C1000-12 

--------------HIGH-Z---------------

The fast page mode write cycle i. executed by the same manner as fast page mode read cycle except for the state of WE. 
The data on DIN pin is latched with the falling edge of CAS andwritteninID the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 1024 bits belonging IDeach row can be accessed. 
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MB81C100D-70 
MB81C1000-s0 
MB81 C1 OOD-1 0 
MB81C1000-12 

VH
RAS VIL-

Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VH_ -~..:.--..... 
CAS 

VIL-

VIH_ """ 11--":"-.1 Ir":"":'-.I 
AotoAs 

VIL-

WE VIH-

VIL-

DIN VH-
VIL-

DoUT VOH- --------4/;..<.'XI 
VOL- ~ __ -"I"I 

DESCRIPTION 

lillW*~1 -H·or·L

(,;!?J InvaJ~ Da1a 

During fast page mode, the reacHnodily-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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MB81C1000-70 
MB81C1000-80 
MB81C1000-10 
MB81C1000-12 

AotoAs 

FIg. 10 - ~NLY REFRESH CYCLE 
NOTE: A9, WE, DIN = " H .. or " L .. 

V,H -- ------------~~----------------------------~e_--------------------v IL -- __________ --:;'1"" 

DOUT V OH -- ------------------Bi-----------------VOL -- _________________ r' 

DESCRIPTION 
IIII·H·",·L· 

Refresh of RAM memO!)' cells is accomplished by performing a read, a write, or a read-modify-write cycIeat each of 512 row addresses every 
8.2--milliseconds. Three refresh modes are available: RAS-ooly refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAs High Ihroughoutthe cycle; the row address to be refreshed is latched on the 
falling edge of m9. During -m-..nly refresh, DoUT pin is kept in a high-impedance state. 

FIg. 11 - ~BEFORE-RAS REFRESH CYCLE 
NOTE: AOto A9, WE, DIN =" H" or" L" 

r-------IRC-------t 
_-----"":11... .... ---,tRAS---ooI .J_-----s. 

DOUT ~OH --==~==~~------------------------- HIGH-Z'-----------------------OL --____ ...... 

DESCRIPTION 

CAS-before-RAS refresh is an on~ refresh capability lhateliminates the need for extemal refresh addresses. If CAs is held Low for the 
specified setup time (IcSA) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
~-before-'RAS refresh operation. 
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MBS1C1000-70 
MB81 C1 OOD-SO 
MBS1C100D-10 
MBS1C100D-12 

RAS 
VIH-

VIL-

CAS 
VIH-

VIL-

Ao I.Ao 
VIH-

V,L-

WE VIH-

(Read) VIL-

DOUT 

WE 
VIH-

(ReadIWrite V,L-
Cycle) 

PIN 
VIH-

VIl-

DESCRIPTION 

FIg. 13 - HIDDEN REFRESH CYCLE 

A hidden refresh cycle may be performed while maintaining the lalllst valid data at the output by extending the active time ~ and cycling 
~. The refresh raw address is provi~by the on~ refresh address counlllr. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capabiUIy. 
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RAS 

CAS V'H-

V'L -

An toAg V'H-

V'L -

WE 
V'H-
V'L _ 

(Read) 

DoUT 
VOH -

VOL _ 

WE V'H-
(Write) V'L-

D'N 

Fig" 14 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

~~H=tRSH-
lAse 

VALID DATA 

MB81C1000-70 
MB81 C1 000-80 
MB81 C1 000-1 0 
MB81C1000-12 

1;;;1 "H"or"L" 
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MB81C1000-70 
MB81C1000-SO 
MB81C100o-10 
MB81C100o-12 

PACKAGE DIMENSIONS 
Sufflx:-P) 

.050(1.27) 

MAX 

IS-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No.: DIP-18P-M04) 

.100(2.54) 

IIR P! f ~ ~f1ru~_:---+-.--,-::::::::: ::X 
.018~:gg~ .020(0.51) MIN 

TYP 

©1988 FUJITSU LIMITED o18015S-4C 
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PACKAGE DIMENSIONS (Continued) 
Suffix: -Cl 

18·LEAD CERAMIC {METAL SEAL) DUAL IN·LINE PACKAGE 
{CASE No.: DIP·18C·A01) 

MB81C1000-70 
MB81C1000-SO 
MB81 C1 OOD-1 0 
MB81C100D-12 

inmiITTIJ I II II W~::;;::~, 
.100'.010 i T I ~ ~ l-I .035 •. 015 

12.54'0.25)1 r REF 10.89±0.38) 

I .800120.32IREF 

.0S0t.Ol0 .018~:gg~10.46:g:~~) 
11.27.0.25) 

e 1988 FUJITSU LIMITED D18014S·4C 
Dimensions in 
inches (millimeters) 
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MB81 C1 000.70 
MB81 C1OOO-aO 
MB81C100o.10 
MB81C1ooo.12 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P-M04) 

I . .,,,.. I (17.15±0.13: %"n; I in@'" -r I 
! 0 .300(7.621 .332<.005 

cf"~' "~ ··T·'" 

"A" 

.140(3.55IMAX 

.089(2.25INOM 

.025(0.641MIN 

FED I 
.268<.020 
(6.8"0.511 

'-=~~ 

~ ~~~"~'~ 
.OI.OO4(o.~ --11 .017±.004 

-·(0.43±0.101 

NOTE: 1. *: This dimension includes resin protrusion. (Each side: .006(O.15)MAXI 
Details of .. A" part 

2. Although this package has 20 leads only. its pin positions are the same as that of 26~lead package. 

"'918 FWITSU LIMITED C2OO54S.'C 
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PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(Case No. : ZIP-20P-M02) 

1----1.019 ~g?~(25.SS~gjg)-----I1 

INDEX o 

!-- : .050(1.27) 
. TYP 

,11·020±.004 
, (0.50±0.10) 

I 
.335±.010 

(S.50±0.25) 

.010±.002 
(0.25±0.05) 

LEADNO'O~~ 

(BOTTOM~ 

© 1989 FUJITSU LIMITED Z20002S-4C 

MB81C1000-70 
MB81 C1 000-80 
MB81C1000-10 
MB81C1000-12 

.112±.00S 
(2.S5±0.20) 

.387±.013 

"'T'" 
.IIS(3.oo) MIN 

-------.l 
.100{2.54) TYP 

(ROW SPACE) 

Dimensions in 

inches (millimeters) 
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February 1990 
Edition 1.0 

DATA SHEET 

MB81 C1 000-70U-BOU-10LI-12L 

00 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 
CMOS 1 M X 1 Bit Fast Page Mode DRAM 
The Fujitsu MB81Cl000 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81Cl000 has been designed for mainframe 
memories, buffer memories, peripheral storage and memory systems of battery 
operated computers requiring very low powar dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MB81Cl000 high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

• 1,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 

• Common va capability by using 
early write 

• ~ only, ~-before-~, or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should ba restricted to the oonditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating oonditions for ex
tended periods may affect device reliability. 

Copyright © 1980 by FUJITSU LIMITED IOId Fujl18u MIc_"",ico.1nc. 

DIP-18P-MD4 

DIP-18C-ADI 

LCC-26P-MD4 

ZIP-2DP-MD2 

This device contains circuitry 10 protect the Inputs against 
damage due to high static voltages or electric fields. However, It 
Is acMsed that normal precautions be taken 10 avoid appUcatlon 
01 any voltage higher than maximum rated voltages to thl& high 
I~nce circuit. 
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MB81 C1 000-70L 
MB81 C1 000-80L 
MB81C10~10L 
MB81C10~12L 

AO 

Al 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

Fig. 1 - MB81C1000 DYNAMIC RAM-BLOCK DIAGRAM 

-Vee 

-Vss 

CAPACITANCE (TA= 25°C, f= 1MHz) 
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PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 
RAS 

TE 

AD 

A1 

A2 

A3 

Vee 

18-1'In DIP: 
(TOP VIEW) 

26-PlnSOJ: 
(TOP VIEW) 

~ 
1 26 P 

~ 
VSS DIN 

2 25 

~ 
3 24 

4 23 

~ [ 5 22 

Dour 
WE 

RAS 
CAS 

rE 
AS NC. 

AS 

A7 

[ 9 ,. 
~ ~ 

10 17 

11 16 

AS Ao 

AS 
A, 

A2 ~ 
[ 12 15 ~ A4 A3 

2G-PlnZIP: 
(TOP VIEW) 

Vee 13 14 

CAs Vss WE TE NC. A, A3 A4 As A. 

2.. 4. I 6.. 8. I 10. I 12i I 14. I 16.. 18. I 20. I 

~UnUnUnUnUnUnUnUnUn 
,"13" 5" 'P.' g"' 11,1 13" 151 • 17" 19" 1 

A. Dour DIN AAs NC. Ao A2 Vcc A 5 A 7 

Vss 
Dour 

CAs 
NC. 

Ag 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage CD 
Input High Voltage, all inputs CD VIH 2.4 6.5 

Input Low Voltage, all inputs CD VIL -2.0 0.8 

V 

V 

V 

MB81 C1 000-70L 
MB81 C1 000-80L 
MB81 C1000-1 OL 
MB81C1000-12L 

o °c to +70 °c 
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MB81C1000-70L 
MB81 C1 000-80L 
MB81C1000-10L 
MB81C1000-12L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and raw inputs are separately strobed by ~ and'RAS as shown in Figure 1. First, nine row address bits are input on pins AO-through-A9 
and latched with the row address strobe (rom ) then, ten column address bits are input and latched with the column address strobe('OXS). Both raw 
and column addresses must be stable on or before the falling edge of'OXS and 'RAS , respectively. The address latches are of the flow-through type; 

thus, address infonnation appearing after IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is detennined by the logic state of WE . When WE is active Low, a write cycle is initiated; when We is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is written into the MB81 C 1 000 during write or read-modify-write cycle. The input data is strobed and latched by the later falling edge o~ or 
WE. In an early write cycle, data input is strobed by~ , and set up and hold times are referenced to ~ . In a delayed write or read-modify-write 
cycle, WE is set low after ~. Thus, data input is strobed by WE, and set up and hold times are referenced to WE. 

DATA OUTPUT 

The three-5tate buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedanoe state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAC: 

ICAe: 

lAA : 

2-28 

from the falling edge ofltliS when tReD (max) is satisfied. 

from the falling edge of~ when tRCD is greater than tRCD, tRAD (max). 

from column address input when IRAD is greater then tRAD (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) II(L) OV ~ VIN ~ 5.5V; 
4.5V ~ VCC ~ 5.5V; 
VSS=OV;AII other pins 
not under test =OV 

Oulputleakage current 10(L) 
OV ~ VOUT ~ 5.5V; 
Data out disabled 

Operating current 
RAs & CAs cycling; (Awrage power 

supply current) [II tRc=min 

Standby current TTL level AAS=CAS=VIH 
(Power supply 

current) RAS=CA$ ~ VCC-O.2V 

Relresh current 
CAs=VIH, RAs 

#1 (Average power 
cycling; tRC= min supply current) [II 

Fast Page Mode RAs = VIL, CAS 
current [II cycling; tpc = min 

Relresh current RAs cycling ; 

#2 (Average power CAS-before-RAS; 
supply current) [II tRc =min 

Battery Back up 

current tRC =125 IJ$, tRAS'=min. 
(Average power to 1 J.V', DoUT =open. 

supply current) Other pin ~ Vcrr().2Vor 
0.2V 

Notes 3 

-10 

-10 

MB81 C1 000-70L 
MB81C1000-80L 
MB81C1000-10L 
MB81C1000-12L 

10 

J.1A 

10 

mA 

1.5 mA 

250 J.1A 

mA 

mA 

mA 

250 
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MB81C1000-70L 
MB81C1000-s0L 
MB81 C1 000-1 OL 
MB81 C1 000-12L 

AC CHARACTERISTICS 
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MB81 C1 000-70L 
MB81C1000-80L 
MB81 C1 000-1 OL 
MB81C1000-12L 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

t CSR 0 

t CHR 15 

t CAT 

tpc 53 

tPRWC 75 

19.16! t CPA 

tcp 10 

Noles: 
1. Referenced 10 VSS 
2. Icc depends on the oulpulload condilions and cycle rales; The 

specified values are obtained with the oulpul open. 
Icc depends on Ihe number of address change as 1I7iS = VIL and 
~=VIH. 
ICCI, 1= and Icc5 are specified althree time of address change 
during 1I7iS = VIL and ~ = VIH. 
lCC4is specified al one time of address change during 1I7iS = VIL 
and ~=VIH. 

3. An Initial pause (1I7iS=~=VIH) of 200J.I.s is required after 
power~p followed by any eighl1l7iS -only cycles before proper 
device operation is achieved. In case of using inlernal refresh 
counler, a minimum of eighl ~ -before-1I7iS inilialization 
cycles inSlead of 8117iS cydes are required. 

4. AC characteristics assume tr = 5ns. 

5. VIH (min) and VIL (max) are reference levels for measuring 
timing of inpul signals. Also lransition times are measured 

between VIH (min) and VIL (max). 

6. Assumes thaIIRCO!> IRCO (max), lRAO!> lRAO (max). If IRe~ is 
grealer than the maximum recommended value shown in Ihis 

table, IRAC will be increased by the amounl thaI IRCD exceeds the 
value shown. Refer 10 Fig. 2 and 3. 

7. If IRC02: IRe~ (max), IRA02:IRAO (max), andlASc 2:IAA -bc

IT, access time is teAC . 

8. IfIRAo2:IRAO (max)andIASC!>1AA -leAC -IT,accesslimeis 

1M. 
9. Measured wilh a load equivalenllo two TIL loads and 100 pF. 

10. IoFF and IoEz is specified thaI oUlpul buffer change 10 high 
impedance slale. 

43 

53 

-
ns 

0 0 0 ns 

15 15 20 ns 

45 50 60 ns 

55 60 70 ns 

77 85 100 ns 

55 60 70 ns 

10 10 15 ns 

11. Operation within Ihe IRco (max) limil ensures thalIRAC (max) 

can be mel. IRCO (max) is specified as a reference poinl only; if 

IRCO is grealer than Ihe specified IRco (max) limil, access time is 

controlled exclusively by 1cAC or 1M. 

12. IRe~ (min) = IRAH (min)+ 21T + lAse (min). 

13. Operation wi110.IoFF and IoEZ is specified thaI oUlpul buffer 

change 10 high impedance stale.hin the IRAO (max) limilensures 

thallRAC (max) can be mel. lRAO (max) is specified as a 

reference poinl only; if lRAO is grealer than the specified IRAO 

(max) lim~, access time is controlled exclusively by be or I AA . 

14. Either IRRH or IRCH musl be salisfied for a read cycle. 

15. I wcs , I cwo , I,RWO and IAwD are not a restrictive operating 
parameter. They are included in lhe data sheel as an electrical 

characteristic only. If 1WcS > I wes (min), the cyde is an early 
wrile cyde and Doul pin will maintain high impedance stale 

thoughoulthe entire cycle. If I cwo > I cwo (min), I RWD > I 
RWD (min) , and I AWO > I AWO (min), the cycle is a read 
modify-wrile cycle and data from lhe selected cell will apper al 
the Doul pin. If neither of the above conditions is satisfied, the 
cycle is a delayedwrile cycle and invalid data will appear the Doul 

pin , and wrile operation can be exected by salisfying mvL ,I 

CWL ,and lRAL specifications. 

16 tePA is access time from the selection of a new column address 
(thaI is caused by changing ~ from "L" 10 oW). Therefore, if 

tep is long, tePA is longer than !CPA (max). 
17. Assumes thaI ~ -before-1I7iS refresh. ~ -before-1I7iS 

refresh counler tesl cyde only. 
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MB81 C100~70L 
MB81C10~OL 
MB81C10~10L 
MB81C10~12L 

Fig. 2 - ~Ae va.IRCD 

t RAe (ns) 160 

140 

120 
120ns Version 

100 

BOns Version 
BO 

70ns versiof I 
60 I I 

..... I I 
!... " II I 

20 40 60 80 100 120 

t RCD (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L L L Valid 

L L H-)L Valid 

RAS-only 
L H X Valid Refresh Cycle 

c:4S--before-flAS 
L L X Refresh Cycle 

Hidden Refresh H-)L L X Cycle 

Noles: 
X: "H"or"L" 
'1: It is impossible in Fasl Page Mode. 
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Fig. 3 - ~AC va. lRAO 

I RAC (ns) 160 

140 

120 

100 
I 

• 

BO 80ns Version I I ==tr'+ft 70ns Version 

60 II I I 

1: I III I I 
20 40 60 BO 100 120 

I RAD (ns) 

Valid Valid 
'1 

t RCS:o. t RCS (min) Yes 

Valid Valid High·Z Yes 
'1 t wcs:o. t wcs(min) 

X-) '1 
Valid Valid Valid Yes t cwo :0. t cwo (min) 

High·Z Yes 

High·Z Yes t CSR:o. t CSR (min) 

Valid Yes Previous data is 
kepI 



MB81 C1 000-70L 
MB81 C1 000-80L 
MB81 C1000-1 OL 
MB81C1000-12L 

RAS 

CAS 

AotoAg 

WE 

DOUT 

Fig, 4 - READ CYCLE 

~----------- t AC 

~--------------t~ ------------~ 
------~ ~------~I 

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

VOH -

VOL _ 

M;I "Ij'.,'L" 

t;>::><:1 Invalid Data 

DESCRIPTION 

The read cycle is executed by keeping both RAS andCAS "L" and keeping We "H" throughout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data oulput remains valid with CAS "L", ie., if CAS goes "H" , the data becomes invalid after tOH 
is satisfied. The access time is determined by Ri\s (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAs delay time)is 
greater than the specification, the access time is tAA. 
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MB81 C1 000-70L 
MB81 C1 000-80L 
MB81 C1000-1 OL 
MB81 C1 000-12L 

RAS VIH -

VI\._ 

CAS VIH -

VIl -

Aoto~ 
VIH -

VIL -

WE 
VIH -

VIL -

OIN 
V IH -

V -I\. 

Dour 
VOH -

VOL -

DESCRIPTION 

Fig, 5 - WRITE CYCLE ( Early Write) 

IRC 

I RAS 

ICSH 
lASH 

I CAS 

IRAL 

l-
VALID 

DATA IN 

HIGH-Z 

1~;lm;1 'H' .,1.' 

The write cycle is executed by the same manner as read cycle excepllor the state 01 WE and DIN pins. The data on DIN pin illatchad with the 
later falling edge of CAS or WE and wrillen into memO/}'. In addilion, during write cycle, tRWL and IRAL must be satisfied with the 
specifications. 
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RAS 

CAS 

WE 

D'N 

DoUT 

V'H_ 

V'L-

V'H

VIL-

V'H

V'L-

V'H-
V'L-

VOH-
VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

~-----------------------mwc 
~-------------IRAS 

~--------------- tcsH 

----<~------ IRSH 

--~--~--------~--, ~~----~ 

L-~t~ 
lRAe I 

HIGH-Z VALID DATA 

toN 

The read-modify-write cycle is executed by changing We from 'W to "l" after the data appears on the DOUT pin. 
After the current data is read oul, modified data can be rewritten into the same address quickly. 

MB81 C1 000-70L 
MB81C1000-80L 
MB81 C1 000-1 OL 
MB81 C1 000-12L 

toH 

Ij:;I'H'or'L' 
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MB81C1000-70L 
MB81 C1 000-80L 
MB81 C1 000-1 OL 
MB81 C1 000-12L 

RAS 

CAS 

A loA 
o 9 

WE 

DouT 

DESCRIPTION 

FIg. 7 - FAST PAGE MODE READ CYCLE 

I III ·Wor ... • 

The fast page mode read cycle is executed afte~maJ c~ with holding RAS"L", applying column address and CAS, and keeping WE 'W . 
Once an address is selected normally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA,whichever occurs later. 
Any of the 1024 bits belonging 10 each row can be accessed. 
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CAS 

DIN 
V 1H -

V 1L -

DoUT V OH -

VOL -

DESCRIPTION 

Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write) 

MB81 C1 000-70l 
MB81C1000--80l 
MB81 C1000-1 Ol 
MB81C1000-12l 

~---------------------t~ ----------------------~ 

--------------HIGH-Z---------------

IIII 'W Of' L' 

The fast page mode write cycle is executed by the same manner as fast page mode read cycle except for the state of WE. 
The data on DIN pin is latched with the falling edge of CASand wrilteninto the memory. During fast page mode write cycle. tCWL must be 
satisfied. Any of the 1024 bits belonging to each row can be accessed. 
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MB81C1000-70L 
MB81C1000-80L 
MB81 C1 000-1 OL 
MB81C1000-12L 

VIH-
RAS VIL-

Fig. 9 - FAST PAGE MODE READ-MODlFY-WRITE CYCLE 

VH_ - .... ..:..:'---""Ih. 
CAS 

Vll-

Vll-

WE VIH-
Vll-

DIN VH-
Vll-

DoUT VOH
v~_-------------4/'i~ 

_----''11 

IOH 

DESCRIPTION 

• lv-a Invalid DoIa 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUr pin as well 
as nonnal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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MB81 C1 000-70L 
MB81 C1 000-80L 
MB81 C1000-1 OL 
MB81C1000-12L 

ADtoAa 

DouT VOH -
VOL -

DESCRIPTION 

Fig. 10 - RA§-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = .. H .. or .. L .. 

Refresh of RAM memory cells is accomplished by performing a read, a write, or a reael-modily·write cycleat each of 512 row addresses every 
64-milliseconds. Three refresh modes are available: RAS-only refresh, CA5-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge ofllAS. During "RAS-cnly refresh, DouT pin is kept in a high-impedance state. 

Fig. 11 - eAS-BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = .. H .. or .. L .. 

DOUT V
OH -:=====~r--------------VOL _ 

DESCRIPTION 

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. II CAS is held Low lor the 
specified setup time (tcsA) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
intemal refresh operation automatically occurs and the refresh address counter is intemally incremented in preparation lor the next 
m-before-~ refresh operation. 
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MB81C1000-70L 
MB81C1000-80L 
MB81 C1000-1 OL 
MB81C1000-12L 

RAs 
VIH-

V,L-

V,H-
CAS 

VIL-

AtltoA9 
V,H-

V,L-

WE V,H-

(Read) V,L-

Dour 

WE 
VIH-

(ReadIWrite VIL-
Cycle) 

DIN 
V,H-

VIL-

DESCRIPTION 

FIg. 13 - HIDDEN REFRESH CYCLE 

A hidden refresh cycle may be performed while maintaining lIle latest valid data at lIle output by extending the active time o~ and cycling 
~. The refresh row address is provided by the on-chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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RAS 

CAs' V IH -

V IL -

AD 10 As V IH -

V IL -

WE 
V IH -
V IL _ 

(Read) 

DOUT 
V OH -

VOL -

WE V IH -

(Write) VIL -

DIN 

Fig. 14 - CA5-SEFORE-RAS REFRESH COUNTER TEST CYCLE 

~~"R=tRSH----<I 
lASe 

VALID DATA 

MB81C1000-70L 
MB81 C1 000-80L 
MB81C1000-10L 
MB81C1000-12L 

IIII'H'or'L' 

2-41 



MB81 C1 000-70L 
MB81C100O-S0L 
MB81C1000-10L 
MB81C1000-12L 

PACKAGE DIMENSIONS 
Suffix: -p 

.050(1.27) 

MAX 

IS-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DlP-18P-M04) 

1·100(2.54) 

TYP 
.020(0.51) MIN 

.19715.00) MAX 

.125(3.18) MIN 

©1988 FUJITSU LIMITED D18015HC 
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PACKAGE DIMENSIONS (Continued) 
Sufflx:-C) 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No_: DIP-18C-A01) 

MB81C100D-70L 
MB81 C1 OOO-SOL 
MB81C100D-10L 
MB81C10OD-12L 

~ ~ J I II II 1J::;;;M~:~:J' 
.1oo±.010 TTl ~ ~ _ iL T .035±.015 

12.54±0.251 1 r REF r .1 1O.89±0.38) 

I .800(20.32)REF ! 
.050±.010 1.018~:gg~IO.46~g)~) 

11.27±0.25) 
© 1988 FUJITSU LIMITED D18014S-4C 

Dimensions in 
inches (millimeters) 
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MB81 C1 000-70L 
MB81 C1 000-80L 
MB81C1 000-1 OL 
MB81 C1 000-12L 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

LEAD No.CD 
.050±.005 

11.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P-M04) 

*.675±.005 
117.15±0.13) 

I 
.30017.62) .332±.005 

LJ "T" 
"A" 

~ ~~"""~ 
01 .004(0.10) 

.14013.55)MAX 

.08912.25)NOM 

.02510.64)MIN 

--l I . .017 ± .004 
10.43±0.10) 

Details of "A" part 
NOTE: 1. *: This dimension includes resin protrusion. (Each side: .006(O.15IMAX) 

2. Although this package has 20 leads only, its pin positions are the same as that of 26·lead package. 

e1989 FUJITSU LIMITED C26054S·1C 
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PACKAGE DIMENSIONS (Continued) 
(SuffIx: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No.: ZIP-20P-M02) 

MB81 C1 000-70L 
MB81 C1 000-80L 
MB81C1000-10L 
MB81C1000-12L 

c='--1.019 +008(25.88 1o.2o1_----1 
"·012 -0.30 I 

--1 
I 

r _1.~008_ 
I I (2.85 t 0.201 .. f 

INDEX 0 .335±.01O d (8.50+0251 

~mrn~RffiWffi~~~--~ 

.05011.271 
.. ~--

TYP 

:C') 1989 FUJITSU LIMITED Z20002S-4C 

.387 ±.013 
(9.83+0.331 

! 

I 

! 
11813.001 MIN 

'--.-1 
.10012.541 TYP 

IROW SPACEI 

Dimensions in 

inches (millimeters) 
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November 1990 
Edition 3.0 

DATA SHEET 

MB81 C1 OOOA-601-701-BOI-10 

00 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Fast Page Mode DRAM 
The Fujitsu MB81C1000A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 b~. The MB81 C1 OOOA has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fuj~su's advanced three-dimensional stacked capac~or cell technology gives the 
MB81C100OA high IX-ray soft error immun~y. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

Features 

• 1,048,576 words x 1 b~ 
organization 

• Silicon gate, CMOS, 3D--Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 8.2 ms 

• Common VO capabil~ by using 
early wr~e 

• rom- only, ~-before-rom-, or 
Hidden Refresh 

• Fast Page Mode, Read-ModHy-Wr~e 
capabil~y 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

--~-. 

Note: Permanent device damage may coeur H absolute maximum ratings are exceeded. 
Functional operation should be restrictsd to the oonditions as detailed in the operation 
sections of this data shaet Exposure to absolute maximum rating oonditions for ex
tended periods may affect device reliability. 

Ccpyright © 1990 by FUJITSU LIMITED and Fujillu MIcrooIoclronIca, Inc. 

DIP-18P-M04 

DIP-18C-A02 

LCC-26P-M04 

ZIP-20P-M02 

*FPT-24P-M04/*FPT-24P-M05 
*: Available for 70/BO/100ns versions 

Thil device contaJns cJrcultry 10 protect the Inputs against 
damage due to high static voltages or electric field&. However,It 
Is acMsed that normal precautions be taken to avoid application 
of any vohage higher than maximum rated vottages to this high 
Irrl>edanco clrcun. 
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MB81 C1 000A·50 
MB81 C1 OOOA· 70 
MB81 C1 000A·80 
MB81 C1000A·10 

Fig. 1 - MB81C1000A DYNAMIC RAM-BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

AS 

A7 

AS 

A9 -Vee 

-Vss 

CAPACITANCE (TA= 25°C, f= 1 MHz) 

Input Capacitance, AO to A9, DIN 5 

Input Capacitance, Ms, CAS, WE 5 

Output Capacitance, D OUT COUT 
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MBB1 C1 OOOA-SO 
MBB1 C1 OOOA-70 
MBB1 C1 OOOA-BO 
MBB1C1000A-10 

PIN ASSIGNMENTS AND DESCRIPTIONS 

1S-Pln DIP: 
(TOP VIEW) 

DIN VSS 
WE 

DOUT 

RAS CAS 

TE A9 

M AS 

A1 A7 

A2 A6 

A3 AS 

VCC A4 

DIN 

WE [ 

RAs 
TE 

NC. : 
AD 

A1 ~ 
A2 

A3 ~ 
Vee 

1 

2 

3 

4 

S 

9 

10 

11 

12 

13 

26-PlnSOJ: 
(TOP VIEW) 

26 

2S 

24 

23 

22 

lS 

17 

16 

lS 

14 

~ 
~ 
P 

~ 
~ 
P 

V SS 

DOUT 

CAs 
NC. 

As 

As 

A7 

A6 

As 

A4 

AS 
ViS 

DOUT 
.f.C. 

SS 

NC. 
I2lI:L 
WE 

1m" 
TE 

24-Pin FPT: 
(TOP VIEW) 

<Normal Bend: FPT -24P-M04> 

<Reverse Bend: FPT -24P-M05> 

2o-PlnZIP: 
(TOP VIEW) 

CAs Vss WE TE NC. A1 A3 A4 A6 AS 

2. I 41. 6.. 8. I 10. I 12. I 14 I I 16. I 18, I 20 •• 
~UnUnUnUntlntlnUnUnUn 
1" 3" 5' I 7' I 9' I 11' I 13"' 15 1 I 17"' 19' I 

Ag DOUT DIN RAS NC. Ao A2 Vee A 5 A 7 

AS 
A7 
A6 
AS 
A4 

vee 
A3 
A2 
A1 
M 

AD 
A1 
A2 
A3 
VCC 

A4 
AS 
A6 
A7 
AS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage [2J V 

[2J o °c to +70 °c 
Input High Voltage, all inputs VIH 2.4 6.5 V 

Input Low Voltage, all inputs [2J VIL -2.0 0.8 V 
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MB81 C1 OOOA-60 
MB81C1000A-70 
MB81C1000A-80 
MB81C1000A-10 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode anyone of 1,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by (JAg and"RAS as shown in Figure 1. First, nine row address bits are input on pins AO-through-A9 
and latched with the row address strobe (rotS ) then, ten column address bits are input and latched with the column address strobe(mtS). Both row 
and column addresses must be stable on or before the falling edge ofmtS and"RAS, respectively. The address latches are of the flow-through type; 

thus, address information appearing after IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state ofiNE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is written into the MB81 C 1 OOOA during write or read-modify-write cycle. The inputdate is strobed and latched by the later falling edge o~ or 
WE. In an early write cycle, data input is strobed by~ , and set up and hold times are referenced to ~ . In a delayed write or read--modify-write 
cycle, m is set low after ~. Thus, data input is strobed by m, and set up and hold times are referenced to m. 

DATA OUTPUT 

The three .... tate buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read--modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

2-50 

tRAC: 

tCAC: 

tAA 

from the falling edge ofltlrn when tRCD (max) is satisfied. 

from the falling edge of~ when tRCD is greater than tRCD,tRAD (max). 

from column address input when IRAD is greater then tRAD (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Standby currenl 
(Power supply 
currenl) 

current 

Refresh currenl 
#2 (Average power 
supply current) [!J 

ICCs 

OV ~ VOUT ~ 5.5V; 
Data oul disabled 

RAS & CAS cycling; 

IRC=min 

CAS=VIH, RAS 
cycling; IRC= min 

RAs" = VIL, CAS 
cycling; tpe = min 

RAscyciing; 

CAS-before-RAS; 

IRe =min 

Notes 3 

-10 

-10 

MB81 C1 OOOA·50 
MB81C1000A·70 
MB81C1000A·80 
MB81 C1 OOOA·1 0 

10 

10 

mA 

2.0 
mA 

1.0 

mA 

mA 

mA 
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MB81 C1 OOOA-60 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

AC CHARACTERISTICS 
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MB81 C1 OOOA-60 
MB81 C1 OOOA-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

t CSR 0 

t CHR 10 

tpc 45 

t PRWC 62 

19,161 t CPA 

t CP 10 

Noles: 
1. Referenced 10 VSS 
2. Icc depends on the outpulload condilions and cycle rates; The 

specified values are obtained with the outpul open. 
Icc depends on Ihe number of eddress change as ~ = VILand 
~=VIH. 
ICC1, IcC3 and Iccs are specified althree time of address change 
during ~ = VIL and ~ = VIH. 
1CC4 is specified alone time of address change during ~ = VIL 
and ~=VIH. 

3. An Initial pause (~=~=VIH) of 200ps is required after 
power-up followed by any eighl ~ -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight ~-before-~ initialization 
cycles Instead of 8 ~ cycles are required. 

4. AC characteristics assume Ir = 5ns. 
5. VIH (min) and VIL (max) are reference levels for measuring 

timing of input signals. Also transition times are measured 
between VIH (min) and VIL (max). 

6. Assumes that tRCD~ tRCD (max), tRAD~ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in Ihis 
table, tRAC will be increased by the amount that IRco exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCD:2:tRCD (max), tRAD:2:tRAD (max),andtASC:2:1AA -ICAC
t T , access time is IcAc . 

8. If tRAD:2: tRAD (max) and IAsc ~ tM - tCAC -I T , access time is 

1M . 
9. Measured with a load equivalent to two TIL loads and 100 pF. 

10. toFF and toez is specified thaloutpul buffer change to high 
impedance state. 

40 

0 0 0 ns 

10 12 15 ns 

50 55 65 ns 

67 75 90 ns 

45 50 60 ns 

10 10 10 ns 

11. Operation within Ihe IRCD (max) limit ensures that tRAG (max) 
can be met. IRCD (max) is specified as a reference point only; n 
tACO is greater than the specifiad IRCD (max) limit, access time is 
controlled exclusively by teAe or t AA • 

12. tACO (min) = IRAH (min)+ 2tT + lAse (min). 
13. Operation within the IRAD (max) limit ensures that tRAG (max) 

can be met. tRAO (max) is specified as a reference point only; if 
IRAD is greater than the specified IRAD (max) limit, access time is 
controlled exclusively by IcAc or t AA • 

14. Either IRRH or tRCH must be satisfied for a read cycle. 
15. t wcs , I CWO , t,Rwo and tAWO are not a restrictive operating 

parameter. They are included in the data sheet as an electrical 
characteristic only. If!wes > t wcs (min), the cycle is an early 
write cycle and Doul pin will maintain high impedance state 
thoughoul the entire cycle. If t cwo > t cwo (min), I RWO > I 
RWD (min) , and t AWO > I AWD (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin, and write operation can be exected by satisfying ~WL ,t 
CWL ,and tRAL specifications. 

16 ICPA is access time from the selection of a new column address 
(that is caused by changing ~ from "L· to "H"). Therefore, if 

IcP is long, tePA is longer than ICPA (max). 
17. Assumes that~-before-~refresh, ~-before-~ 

refresh counter test cycle only. 
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MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81 C1 OOOA-1 0 

t RAC (ns) 160 

140 

120 

100 

80 

60 

Fig. 2 - I RAe va. IRco 

I ROD (ns) 

FUNCTIONAL TRUTH TABLE 

Valid 

L L Valid 

L L Valid 

L H Valid 

L L X 

Hidden Refrash 
H~L L X Cycla 

Noles: 
X: "H"or"L" 
*1: It is impossible in Fast Paga Mode. 
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I RAe (ns) 110 

100 

90 

80 

70 

60 

Valid 

Valid Valid 

Valid 
X~ 
Valid 

Fig. 3 - I RAe va. lRAo 

1: I I • 20 30 40 60 70 

I RAO (ns) 

Yes *1 t RCS:li: t RCS (min) 

High-Z Yes *1 t wcs:li: t wcs(min) 

Valid Yes *1 t cwo :Ii: t ewe (min) 

High-Z Yas 

High-Z Yes t CSR:Ii: t CSR (min) 

Valid Yes Pravious data is 
kepi 



RAS 

CAS 

AotoA. 

WE 

Dour 

Fig. 4 - READ CYCLE 

~---------------------IRC 
______ ~ ~-------------t~ 

V IH -

VIL -

V IH -

V IL -

V IH -

V IL -

V IH -

V IL -

V OH -

VOL _ 

DESCRIPTION 

MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

The read cycle is executed by keeping both RAS andCAS "L" and keeping WE "H" throughout the cycle. Therow and column addresses are 
latched with AAs and CAs, respectively. The data output remains valid with CAS "L ", ie., if CAs goes "H" , the data becomes invalid after tOH 
is satisfied. The access time is datermined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 

2-55 



MB81C1000A-60 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81 C1OOOA-10 

RAS 
VIH -
VIL _ 

CAS VIH -

VIL -

Aoto\ 
VIH -

VIL -

WE 

DIN 
VIH -

VIL -

DOUT 
VOH -

VOl. -

DESCRIPTION 

Fig. 5- WRITE CYCLE (Early Write) 

t RC 

tRAS 

tcsH -I t RP t RSH 

tCAS 

tRAL 

VALID 
DATA IN 

HIGH-Z 

The write cycle is executed by the same manner as read cycle except for the state of WE and DIN pins. The data on DIN pin illiatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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RAS 

CAS 

ArlUJAg 

WE 

DIN 

DouT 

VIH
VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH-

VIL-

VOH-

VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD~MODIFY-WRITE CYCLE 

~-------------------------tRWC 

~--------------------tR~ 

~-----------------~H 

----~.---------- mSH 

~-------- tc~ 

~~--~---------t~L 

L-t-~~ 
HIGH-Z VALID DATA 

toN 

The read-modify-write cycle is executed by changing WE from "W to "L" after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 

MB81 C1 OOOA-50 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

toH 

11:1 . H·or"L" 

t:;;~;;llnveJld Da~ 
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MB81 C1 OOOA-60 
MB81C1000A-70 
MB81 C1 OOOA-SO 
MB81 C1 OOOA-1 0 

RAS 

CAS 

A loA 
o 9 

WE 

DOUT 

DESCRIPTION 

Fig, 7 - FAST PAGE MODE READ CYCLE 

181 1i'of'L' 

The fast page mode read cycle is executed afte':.!!2.!!"aI ~ with holding RAS "L", applying column address and CAS, and keeping WE "W . 
Once an address is selected normally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAs. During fast page mode, the access time is teAC, tAA, or tePA, whichever occurs later. 
Any of the 1024 bits belonging to each row can be accessed. 
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CAS 

DIN 
V 1H -

V 1L -

OoUT VOH -
VOL _ 

DESCRIPTION 

Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write) 

MBB1 C1 OOOA-50 
MBB1C1000A-70 
MBB1C1000A-BO 
MBB1 C1 OOOA-1 0 

~-----------------------tRM -------------------------~ 

-----------------------------HIGH-Z-------------------------------

The fast page mode write cycle is executed by the same manner as fast page mode read cycle except for the state of WE. 
The data on DIN pin is latched with the falling edge of CAS and written into the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 1024 bits belonging to each row can be accessed. 
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MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81 C1 000A-80 
MB81 C1 OOOA-1 0 

VIH
RAS VIL-

Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH_ ...... +-..:..::.....--n. 
CAS 

VIL-

VIH_ ... r-..;..-tJr-..;....;.. .... 
Ao to A. 

VIL-

WE VIH-
VIL-

DIN VIH-
VIL-

DOUT 

DESCRIPTION 

I~~~~~~~j~~~~(] K H • or· L • 

f~:~:;,J InvaJid Data 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

Ao to As 

Fig. 10 - RAS-oNLY REFRESH CYCLE 
NOTE: A9, WE, DIN = " H " or " L " 

V1H -- ------------~~~------------------------------~---------------------
V1L -- -----------.:or 

DOUT VOH -- -----------Sii~--------VOL --

DESCRIPTION 

Relresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycleat each of 512 raw addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAs High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of"RAS. During "RAS-only refresh, DoUT pin is kept in a high-impedance state. 

Fig. 11 - CA5-BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9. WE, DIN = " H " or " L " 

~--------------- tRC--------------~ 

,..-----~ ~-- IRAS ----I J_---~:!I. 

DOUT VVOH --::::::::::~;r~---------------------------HIGH-Z-------------------------
OL --: 

DESCRIPTION 

CAS-before-RAS refresh is an on3 refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (ICSR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-"RAS refresh operation. 
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MB81 C1 OOOA-GO 
MB81 C1000A-70 
MB81C1000A-80 
MB81 C1 OOOA-1 0 

RAS 
VIH-

VIL-

CAS 
VIH-

VIL-

Ao I. Ala 
VIH-

VIL-

WE VIH-

(Read) VIL-

DOUT 

WE 
VIH-

(ReadIWrite VIL-
Cycle) 

DIN 
VIH-

VIL-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

li:~:~:1 . H· Of· L· 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time o~ and cycling 
RAll. The refresh row address is provided by the on::!!!!> refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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MB81 C1 OOOA·60 
MB81C1000A·70 
MB81 C1 OOOA·80 
MB81 C1 OOOA·1 0 

Fig. 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

RAs' 
V,H _ 

V,L -

CAS V'H-
V,L -

Ao 'oAg 
V,H _ 
V,L _ 

WE 
(Read) ~:~= 

Dour VOH -
VOL _ 

~rlie) V'H-V,L _ 

DIN V,H-
V,L -

DESCRIPTION 
1)]];];]1~!~~n • H • or • l . 

A specialtim~equence using the CAS-b~e:flA"S r~h counter test ~ provides a convenient method to verify th.!!..!!!nctionality of 
CAS-before-RAS refresh circuitry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Rowand column addresses are defined as follows: 

Row Address: Bits AO through A9 are defined by the on-chip refresh counter. The bit A9 is set high internally. 
Column Address: Bits AO through A9 are defined by latching levels on AO-A9 at the second falling edge of CAS. 

The CAS-before-AAS Counter Test procedure is as follows; 
1) Initialize the internal refresh address counter by using 8 CAS-before:f'iAS refresh cycles. 
2) Use the same column address throughout the test. 
3) Write "0" to all 512 row addresses at the same column address by using normal write cycles. 
4) Read "0" written in procedure 3) and check; simultaneously write "1" to the same addresses by using CA5--before-RAS refresh 

counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 memory locations. 
6) Complement test pattern and repeat procedures 3), 4), and 5). 

(At recommended operating conditions unless otherwise noted.) 
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MB81C1000A-60 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

PACKAGE DIMENSIONS 
Suffix: -P 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE No.: DlP-18P-M04) 

C868,:g?~12205,:g~g)---::-J 

"""i: : : : : : ~ J~J~ J:.J~ __ ·1"MM 
INDEX-2 ~ ---, 

iI 0;2,:Jl12 11·047':Jl12 .010+.004 --f-..l-==--- - .0004 
10.82+0 .30) 11.20+ 0.30) +011 

~ 0501 

MAX 

IH 

I-

-0 -0 10.25 -0:01) 

1 

!A! H I=lR yr~ - 19715.00) MAX 

12513.18) MIN 

10012 54) 01 8 ': .gg~ 0201051) MIN --
TYP 

© 1988 FUJITSU LIMITED D18015S-4C 
Dimensions in 

inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
Suffix: -C 

MB81 C1 OOOA-60 
MB81 C1 OOOA-70 
MB81C1000A-80 
MB81C1000A-10 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A02) 

018~gg3 

1046~g6~) 

,10Q±.010 

12.54±0.25) 

© 1989 FUJITSU LIMITED DI8DI8S-1C 

.800(20.32)REF 

__ ~-==::Jio" to 9" 

If 
300±.01O 

17.62 ±0.25) 

~~l~ 
-~I~·010~:ggi 

.20015.08)MAX 

.032::1:.015 

10.81 ±0.38) 

10.25~g6g) 

Dimensions in 
inches (millimeters). 
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MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81C1000A-SO 
MB81C1000A-10 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PJ 

.OSO±.OOS 
(1.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

IE .67S±.OOS 
(17.1S±0.13) 

, , 

__ r-__ ~'1~0~~~2~S4) 
TYP 

.60~lS.24) REF. 

.14O(3.SS) MAX 

.089(2.2S) NOM. 

.02S(0.64) MIN. 

r ej , 

.268±.020 
(6.81±O.Sl) 

~5)~ 

r---------------, 
I Details of "A" part I 
I I 
I .032(0.81) I 

MAX : 

"/'/' I 

~..--------~~: I ---. : 

I ~AAm}jvL(~~2.S0) NOM. l 
C;004(0.10) I t •. ) : ig.~3~·~) i 

NOTE: 1 . IE: This dimension includes resin protruSionlEach side::-OO6«fTSIMAX) 

© 1990 FUJITSU LIMITED C2S054H C 
2.Although this package has 20 leads only, its pin positions are the same as that 

that of 25 lead package. 
3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
Suffix: -PSZ 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M02) 

j-1 019+.008(2588+0.20)----11 I.r==· -.012 . -0.30 

o I 
10 .335±.0 

(8.50±0 .25) 

~~rnmromrnm~~·~ 

.050(1.27) 
TYP 

.020±.004 
(0.50±0.10) 

.010±.002 
(0.25±0.05) 

lEADNO.~ 

52Y52525n 
(BOTTOM VIEW) ~ 

© 1989 FUJITSU LIMITED Z20002S-4C 

MB81 C1 OOOA-SO 
MB81 C1 OOOA-70 
MB81C1000A-80 
MB81 C1 OOOA-1 0 

112±008 
(2.85±0.20) 

.1 
.387±.013 
(9.8310.33) 

.118(3100) MI N 

-------.t 
.100(2.54) TYP 

ROW SPACE 

Dimensions in 
inches (millimeters) 
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MB81C1000A·60 
MB81C1000A·70 
MB81 C1 OOOA·80 
MB81C1000A·10 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTN 

2·6.8 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 

@ 

©~~==========~~~ 
o 

,----------------l 
I Details of "A" part I 
I I 
I .006(0.151 I 
I MAX I 

I ]p# I iOl~1~351 I 

I I 
I I 
I I 
I I I .006(0.151 .010(0.251 I 

LEAD No. I """Il'O;O;========:=iE 
® -, 

INDEX 

630± OOB 
L _______________ ~ 

. 
(16.00±0.201 .236±.008 

J 
.S67±.00B l .006±.002 

(14.40±0.201 

(6.00±0.201 

-
·~~r15±0.051 

Y=I .004(0.101 I .Q19;~~.501 
~iiiie~iijt::rt .047(1.201 MAX 
, (SEATED HEIGHTI 

.591±.OO8 
(15.00± 0.20 

© 1990 FUJITSU LIMITED F24020S-2C 

.O20±.004 
(0. 50±0. 101 

0(01 MIN 
(STAND OFFI 

(~~~:~I ~ 
Dimensions in 
inches (millimeters) 



MB81 C1 OOOA-SO 
MB81C1000A-70 
MB81 C1 OOOA-80 
MB81C1000A-10 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTR 

T 

C\ 

o 
)NDEX 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT -24P-M05) 

r----------------l 
I Details of "A" part I 
I I 
I .00610.15) I 
I MM I 

! ~=#01~~~35)! 
i ~ I 
I I 
I I I .00610.15) .01010.25) I 
L _______________ ~ 

591± 008 020± 004 
(15.00±0.20) 10.50±0.10) 

__ dc.1 .00410.10) I 
- -

019710.50) i TYP 

010) MIN 
ISTAND OFF) 

~~~~:tr .04711.20) MAX )PI 

567± OO~.---J 
11440±020) 

.B30±.OO8 
IB.00±0.20 

OOB± 002 
10.15±0.05) 

IF ISEATED HEIGHT) 

.236±.OOB 

IB.00±0.20) 

©1990 FUJITSU LIMITED F24021S-2C 
Dimensions in 
inches (millimeters) 
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November 1990 
Edition 2.0 

DATA SHEET 

MB81 C1 OOOA-70U-BOU-10L 

cO 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Fast Page Mode DRAM 
The Fujitsu MB81C1000A is a CMOS. fully decoded dynamic RAM organized as 
1.048.576 words x 1 bn. The MB81C1000A has been designed for mainframe 
memories. buffer memorias. peripheral storage and memory systems of battery 
operated computers requiring very low power dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MB81C100OA high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuns to provide low power dissipation and high 
speed operation. 

Features 

• 1.048.576 words x 1 bit 
organization 

• Silicon gate. CMOS. 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 
• Common va capability by using 

earlywrne 

• rom- only. ~-before-rom-. or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Wrne 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Permanent device damage may occur ij absolute maximum ratings are excaeded. 
Functional operation should be restriCleclto the conditions as delaRed in !he operation 
sections of this data sheet Exposure to absolute maximum rating concfllions for ex
tended periods may afleet device reliability. 

COpyright © 11180 by FWITSU LIMITED and FI4I18u 11_. Inc. 

DIP-18P-M04 

DIP-18C-A02 

LCC-26P-M04 

ZIP-20P-M02 

FPT-24P-M041 FPT-24P-MOS 

ThIo device _ clrculby" proI8Cllhe Inputs against 
damaao due" high statlc""'- or electric 1-' _. n 
10 advfoed thai normaJ precautions be taken to avoid """ncatlon 
III any wttaga higher than maxlrralm rated YOhegas to this high 
,""",,"",,"cIraJI. 
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MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

Fig. 1 - MB81C1000A DYNAMIC RAM-BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 -Vee 

-Vss 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Input Capacitance, AO to A9, DIN 5 

Input Capacitance, RAS, CAS, We 5 

COUT 6 
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MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81 C1000A-1 OL 

PIN ASSIGNMENTS AND DESCRIPTIONS 

18-Pln DIP: 
(TOP VIEW) 

DIN VSS 
WE 

DOUT 

RAS CAS 

TE A9 

M AS 

A1 A7 

A2 All 

AS AS 

Vee A4 

DIN 

WE ~ 
RAS 
IE ~ 
NC. [ 

AD 
A, ~ 
A2 

A3 ~ 
Vee [ 

1 

2 

3 

4 

5 

9 

10 

11 

12 

13 

26-PlnSOJ: 
(TOP VIEW) 

26 

25 

24 

23 

22 

18 

17 

16 

15 ,. 

24-Pln FPT: 
(TOP VIEW) 

vss <Normal Bend: FPT -24P-M04> 

o OUT A9 A8 CAs m A7 

NC. DOUT All 
,;:,c. A5 

A9 ss A4 

NC. Vee 

'W AS 
A2 

AS 
IlA§" A1 
IE M 

A7 

As 

As <Reverse Bend: FPT-24P-M05> 
A. 

M 
A1 
A2 
A3 
vec 

A4 
A5 
AS 
A7 
AS 

20-PlnZIP: 
(TOP VIEW) 

21 I 41. 61. B I' 10.. 121' 14. I 161' 1S. I 201' 
~UnUnUnUnUntlnUnUnUn 
l' I 31' 51 I 7' I 9' I 11' I 13" 15' I 17 1 I 19' I 

Ag DOUT DIN iiAS NC. Ao A2 Vee A 5 A 7 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage [!J V 

[JJ o °c to +70 °c 
Input High Voltage, all inputs VIH 2.4 6.5 V 

Input Low Voltage, all inputs [JJ VIL -2.0 0.8 V 
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MB81 C1 OOOA·70L 
MB81 C1 OOOA-80L 
MB81C1000A·10L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one 011,048,576 cell addresses in the mammy matrix. Since only ten address bits are available, the 
column and row inputs are separetely strobed by ~ and"Rlm as shown in Figure 1. First, nine row address bits are input on pins AO-through-A9 
and latched with the row address strobe (~ ) then, ten column address bits are input and latched with the column address stro~ ). Both row 
and column addresses must be sleble on or before thelalling edge orm and rom , respectively. The address latches are 01 the flow-through type; 

thus, address information appearing alter fRAH (min)+ tr is automatically tleated as the column address. 

WRITE ENABLE 

The read or write mode Is determined by the logic state olWE . When WE Is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input deta is ignored. 

DATA INPUT 

Data is written into the MBa 1 01 OOOA during write or read-modlfy-wril8 cycle. Thelnputdata Is strobed and latched by the latarlaliing edge o~ or 
WE. In an early write cycle, data input is strobed by~ , and set up and hold times are referenced to ~ . In a cIaIayed write or reacl-mocflfy-write 
cycle, m is set low alter ~. Thus, data input is strobed by m, and set up and hold times are relarenced to m. 

DATA OUTPUT 

The threlHltate bulfers are TTL compatible with a fanout 01 two TTL loads. Polarity 01 the output data is identical to that 01 the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or reacl-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAe: 

tCAC: 

lAA : 

2·74 

from the Ialling edge ol"m when tRCD (max) is satisfied. 

from the Ialling edge or~ when tRCO is greater than IRCD, IRAo (max). 

from column address input when IRAo is greater then tRAO (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) 11(1.) OV S VIN S 5.5V; 
4.5V S vec S 5.5V; 
VSS=OV;AII other pins 
not under test =OV 

Output leakage current 10 (1.) 
OV S VOUT S 5.5V; 
Data out disabled 

MB81Cl000A-70L 
Operating current 

RAS & CAS cycling; (Awrage power MB81Cl000A-80L ICCl 
supply current) m tRc=min 

Standby current AA5=CAS:VIH 
(Power supply ICC 2 

current) m=CAS ~ VC~.2V 

Refresh current 
CAS..VIH. RAS 

#1 (Average power ICC3 
supply current) m cycling; I RC= min 

Fast Page Mode 
ICC. RAS = VIL. CAS 

current m MB81Cl000A-80L 
cycling; tpc = min 

Refresh current RAs cycling ; 

#2 (Average power MB81Cl000A-80L ICC5 CA§....oefore-RAS; 
supply current) m tRc =min 

Battery Back up 
current ICC e IRC =125 ~RAS·=min. 
(Average power to 1 l1li. =open. 

supply current) Other pin ~ Vco-(J.2Vor 
SO.2V 

Notes 3 

-10 

-10 

MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

10 

IlA 

10 

68 

62 mA 

1.0 
mA 

0.25 

62 
mA 

54 

50 mA 

62 rnA 

250 
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MBS1 C1 OOOA-70L 
MBS1 C1 OOOA-80L 
MBS1C1000A-10L 

AC CHARACTERISTICS 
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MB81 C1 OOOA-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

I CSR 0 

I CHR 10 

I PC 50 

I PRWC 67 

[ill] I CPA 

Icp 10 

Notes: 
1. Referenced to VSS -
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number of address change as llAS = VIL and 
~=VIH. 
ICC1, Icc3 and Iccs are specified at three time of address change 
during llAS = VIL and ~ = VIH. 
1CC4 is specified at one time of address change during llAS = VIL 
and ~=VIH. 

3. An Initial pause (llAS =~ =VIH) of 2OOIJ.S is required after 
power-up followed by any eightllAS --()nly cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight ~ -before-llAS initialization 
cycles instead of 8 llAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. VIH (min) and VIL (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VIH (min) and VIL (max). 

S. Assumes that tRCD::; tRcD (max), tRAD::; tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 

table,tRAC will be increased by the amount that fRcD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD;:' tRCD (max), tRAD;:' tRAD (max), and tASC;:' tM - tCAC -

IT, access time is teAe . 

8. If tRAD;:' tRAD (max) and IAsc::; tM - tCAe - t T , access time is 

tM. 
9. Measured with a load equivalentto two TIL loads and 100 pF. 

10. toFF and tOEZ is specified that output buffer change to high 
impedance state. 

11. Operation within the IRCD (max) limit ensures that tRAe (max) 

can be met. tRcD (max) is specified as a reference point only; if 

tRcD is greater than the specified IRCD (max) limit, access time is 

controlled exclusively by teAe or t AA . 

12. tRcD (min) = tRAH (min)+ 2tT + lAse (min). 

13. Operation within the tRAD (max) limit ensures that tRAe (max) 

can be met. tRAQ (max) is specified as a reference point only; if 

tRAQ is greater than the specified tRAD (max) limit, access time is 

controlled exclusively by teAe or t M . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t WCS , t cwo , t,AWO and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 

characteristic only. If!wes > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 

thoughout the entire cycle. If t cwo> t cwo (min), tRWO >t 

AWD (min) , and t AWD > t AWD (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is adelayedwrite cycle and invalid data will appear the Dout 

pin, and write operation can be exected by satisfying "WL ,t 

CWL ,and tRAL specifications. 

IS tePA is access time from the selection of a new column address 
(that is caused by changing ~ from "L" to OW). Therefore, if 

tcp is long, tePA is longer than !CPA (max). 
17. Assumes that ~ -before-llAS refresh, ~ -before-llAS 

refresh counter test cycle only. 
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MB81C1000A-70L 
MB81C1000A-80L 
MB81C1000A-10L 

I RAC (ns) 160 

140 

120 

100 

80 

60 

1: 
20 

Fig. 2 -I RAe va. Iflco 

I 
I I 

I I I I • 40 60 100 120 

I RCO (ns) 

FUNCTIONAL TRUTH TABLE 

Valid 

L L L Valid 

L L H-+L Valid 

RAS-only 
L H X Valid Refresh Cycle 

CA"S-before-RAS 
L L X Refresh Cycle 

Hidden Refresh 
H-+L L X Cycle 

Noles: 

X: "H"or"L" 
*1: It is impossible in Fast Page Mode. 
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F1g.3-1 RAe va.lflAo 

t RAe (ns) 110 

100 
lOOns version ( 

90 ~ 80 
I 

70ns version I 
70 I 

I I 
60 I I 

I I 
"l: I I I • 20 30 40 50 60 70 

t RAO (ns) 

Valid Yes *1 t RCS ~ t RCS (min) 

Valid Valid High-Z Yes *1 t wcs~ t wcs(min) 

X-+ 
Valid Valid Valid Yes *1 t cwo ~ t cwo (min) 

High-Z Yes 

High-Z Yes t CSR ~ t CSR (min) 

Valid Yes Previous data is 
kept 



,."B81 C1 OOOA-70L 
MB81 C1000A-80L 
MB81C1000A-10L 

RAS 

CAS 
V IH -

V -IL 

AotoAg 
V IH -

V IL -

WE 
V IH -

V IL -

Dour 
V OH -

VOL _ 

DESCRIPTION 

Fig. 4 - READ CYCLE 

~ ___________________ t~ 

• ..,..,,1.' 

~ InvalleI!IoIa 

The read cycle is executed by keeping both RAS and~ "l" and keeping WE "W throughout the cycle. Therow and column addresses are 
latched with RAs and CAS, respectively. The data oulpUtremains valid with CAS "l", ie., if CAS goes "H" , the data becomes invalid aflerlOH 
is satisfied. The access lime is determined by RAS (tRAC), CAS (ICAC), or Column address input (IAA). If IRCD (RAS to CAS delay lime~s 
greater than the specifICation, the access time is IAA. 
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MB81 C1 OOOA-70L 
MB81 C1 OOOA-80L 
MB81 C1 OOOA-1 OL 

RAS 
VIH -

VIL -

CAS 
VIH -

VIL -

AotoAg 
VIH -

VIL -

WE 
VIH -

VIL -

DIN 
VIH -

VIL -

Dour 
VOH -

VOL -

DESCRIPTION 

FIg. 5 - WRITE CYCLE ( Early WrIte) 

tRe 

tRAS 

tCSH 
t RSH 

tCAS 

tRAL 

~ 
VALID 

DATA IN 

HIGH-Z 

I\l~i~ml "H" or~" 

The write cycle is executed by the same manner as read cycle exceptfor the state of We and DIN pins. The data on DIN pin i"atched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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CAS 

AowA9 

WE 

DIN 

VIH

VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

DOUT VOH-

VOL-

DESCRIPTION 

FIg, 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

MB81C1000A-70L 
MB81 C1 OOOA-BOL 
MB81C1000A-10L 

I!!j]}il 'H'or'L' 

The read-modify-write cycle is executed by changing WE from 'H' to 'L" after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 
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MB81C1000A·70L 
MB81 C1000A-80L 
MB81C1000A·10L 

RAS 

CAS 

A lOA o g 

WE 

DouT 

DESCRIPTION 

Fig. 7 - FAST PAGE MODE READ CYCLE 

• "11".,1.' 

The fast page mode read cycle is executedafle~aI ce. with holding RiiS"L", applying column address andm, and keeping We "H" • 
Once an address is selectad normally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is !CAC, IAA, or !CPA, whichewr occurs later. 
Any ofllle 1024 bits belonging 10 each row can be accessed. 
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CAS 
VIH -VIL _ 

A.toA. 
VIH -

VIL -

DIN 
VIH -

VIL -

DOUT VOH -
VOL _ 

DESCRIPTION 

Fig, 8 - FAST PAGE MODE WRITE CYCLE ( Early Write) 

MB81 C1 OOOA-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

~---------------------t~ ----------------------~ 

--------------HIGH-Z---------------

,., 'H' or' L' 

The fast page mode write cycle is executed by the same manner as fast page mode read cycle except for the state of WE. 
The data on DIN pin is latched with the falling edge of CASand written into the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 1024 bits belonging to each row can be accessed. 
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MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 
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VH
RAS VIl-

Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH_ -+~:""-....n. 
CAS 

VIL-

VH_ a_Jr-""';:""U"";"";"'''''''i 
Ao toA9 

VIL-

WE VIH-
VIL-

DIN VIH-
VIL-

Dour 

DESCRIPTION 

During fast page mode. the read-rnodify-write cycle can be executed by changing We high to low after the dataappeal1l8t DOUT pin as well 
as nonnal cycle. Any of the 1024 bits belonging to each row can be accessed. 



MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

ADtoAa 

Dour VOH -
VOL -

DESCRIPTION 

Fig. 10 - 'RA§-oNL Y REFRESH CYCLE 
NOTE: A9, WE, DIN = " H " or H L " 

----------------~~---------------HIGH-Z----------------------

Refresh of RAM memory oens is accomplished by performing a read, a write, or a reacl-modify-write cycleat each of 512 row addresses every 
S.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

AAS--only refresh is performad by keeping RAs Low and CAS High throughout the cycle; !he row address to be refreshad is latched on the 
falling edge of'RAS. During ~nly refresh, Dour pin is kept in a high-impedanoe slate. 

Fig. 11 - ~BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = " H " or .. L " 

I-------IRC----------I 
,------:!il .......... --tRAS ----I..k------:!il 

Dour ~OH -=====~ .. -------------HIGH-Z:------------
OL ------0'1'1 

DESCRIPTION 

CAS-before-RAS refresh is an o~ refresh capabDiIy !hat eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (ICSR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automaticany occurs and the refresh address counter is intemany incremented in preparation for the next 
m-before-'RAS refresh operation. 

2-85 



MB81C1000A-70L 
MB81C1000A-80L 
MB81C1000A-10L 

FiAS 

CAS 

AD !GAg 

WE 
(Read) 

WE 
(ReadlWrite 

Cycle) 

DIN 

VIH-

VIL-

VIH-

V .. -

VIH-

VIL-

VIH-

VIL-

VOH
VOL_ 

VIH-

VIL-

VIH-

V .. -

DESCRIPTION 

Fig" 12 - HIDDEN REFRESH CYCLE 

a:1 "H"or"L" 

A hidden relresh cycle may be performed while maintaining the latest vaiid data at the output by extending the active time o~ and cycling 
~. The relresh row address is provide"'!!!!y the on~ refresh address counter. This eliminateslhe need for the extemal row address that is 
required by DRAMs that do not have CAs.belore"RAS relresh capability. 
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MB81C1000A-70L 
MB81C1000A-80L 
MB81C1000A-10L 

Fig, 13 - CA5-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

AAs 
VIH _ 

VIL -

CAS VIH -
VIL -

AD ",Ag VIH-
VIL -

~:~= WE 
(Read) 

DouT VOH -
VOL _ 

(lirfte) 
VIH -VIL _ 

VIH -DIN 
VIL -:-

DESCRIPTION 
• 'H' .. 'L' ., 

~ecial tim~ sequence using the CAS-~-RAS r~h counter test ~ prcvides a ccnll9nient method to verify ~ctionality of 
CAS-before-RAS refresh circuitry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition frem High to Lowwhile RAS is held Low, 
read and write operations are enabled as shown aboll9. Rowand column addresses are defined es follows: 

Row Address: Bits AO thrcugh A9 are defined by the on-chip refresh ccunter. The bit A9 is set high internally. 
Column Address: Bits AD thrcugh A9 are defined by latching levels on AO-A9 at the second falling edge of CAS. 

The CAs-before-RAS Counter Test procedure is as follows; 
1) Initialize the internal refresh address counter by using 8 CAS-before:'fIAS refresh cycles. 
2) Use the same cclumn address throughout the test 
3) Write "0" to all 512 rcw addresses at the same column address by using normal write cycles. 
4) Read "0" written in procedure 3) and check; simultaneously write "l"to the same addresses by using CAS-before-RAS refresh 

counter test (reacHnodify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in prccedure 4) by using normal read cycle for all 512 memory locations. 
6) Complement test pattern and repeat procedures 3), 4), and 5). 
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MB81C1000A-70L 
MB81C1000A-80L 
MB8tC1 OOOA-1 OL 

PACKAGE DIMENSIONS 
Suffix: -P) 

.050(1.271 

MAX 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE No.: DIP-18P-M04) 

IH I H! H 1=4 R ,r 1=41~ __ -----;f----_t-·197(5.001 MAX 

, II II .125(3.181 MIN 

U U+ 006 
100(2.541 .018_.002 020(0511 MIN 

TYP (0.45 !8:6~ 

©i988 FUJITSU LIMITED 018015S-4C 

2-88 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
Sufflx:-C 

MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A02) 

R.OSO(1.27}REF 

"-
INDEX AREA 

'" 

.018~gg~ 

(046~g~~) 

.100±.01O 

~ 

(2.S4±0.2S) 

[ 

©1989 FUIITSU LIMITED D18018S-1C 

- -

.800(20.32}REF 

] 
-

__ :=.::=.~ioo to 9° 

~~'l 
.3OO±.010 

(7.62±0.2S) 

~~l~ 
---=-1::',01 0 ~ :8gj 

(0.2S~g~g) 

.200(S.08}MAX 

.032±.01S 
(0.81 ±0.38) 

Dimensions in 
inches (millimeters). 
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MB81 C1 000A-70L 
MB81 C1 000A-80L 
MB81C1000A-10L 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

.140(3.55) MAX. ,. 
.675+.005 I 1·089(2.25) NOM. 

I 
(17.15±O.13) 

, 0 Of I ! 
I, l.: .02510.64) MIN. 

~o~ 

'@ " I 

~-l @ @J @Jl .332±.005 
18.43± 0.13) 

I o .300(7.62) 
.268±.020 

GfINDEX NOM. 
~±0.511 

, i,® ® @, U \. " LEAD No.if l~~J ~~~~. 

.050±.OO5 10012~ 
11.27±0.13) TYP 

.600115.241 REF. r---------------, 
I Details of "A" part I , I 
I .03210.81) I 
I 

MAX I 
I 

.oF 

iF 
I 
I 

W@-"I 
~-. 

I 
I 
I l~~250) NOM. 
I 

:"~) I I , I I .017±.004 I 
I I , 10.43±0.101 , 

NOTE: 1.* :This dimension includes resin protrusionlEac-h side:~OO6((>:-'-5)MAX} 

© 1993 rUiiTSU LIMITED C26G54HC 
2.Although this package has 20 leads only, its pin positions are the same as that 

thaI of 26-iead package 
3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
Suffix: -PSZ 

2D-LEAD PLASTIC ZIGZAG-IN-LiNE PACKAGE 
(CASE No.: ZIP-20P-M02) 

~1 019+.008(25 88+ 0.2Q, 1..,====· -.012 . -0.30' 

I o 010 .33S±. 
18.S0±0 

.OSOI1.271 
TYP 

.020±.004 
(0.SO±0.101 

LEADNO.~ 

~ 
© 1989 FUJITSU LIMITED Z20002S-4C 

.251 

.o10±.002 
(0.25 ± 0.051 

MB81C1000A-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

1 12± 008 
12.85±0.201 

.3871.013 
(9.83jO.331 

.1 18(3'001 MI N 

---*-
.1OO(2.S4) TYP 

(ROW SPACEI 

Dimensions in 
inches (millimeters) 
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• 

MB81 C1 OOOA-70l 
MB81C1000A-80l 
MB81C1000A-10l 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTN 

2-92 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 

LEAD No. CD"=9fC===========?1= 

CSl ~ 
INDEX 

o 
o 

.630±.OOB 
1------~(1~6~.0~0±~0°.2~0")------! 

J (1:~~:~~~) )1 (~ 06±.OO2 
.15±0.05) 

r----------------l 
I Details of "A" part I 
I I 
I .006(0.15) I 
I MO I 

i }P::=401~1~35) i 
I I 
I I 
I I 
I I I .006(0.151 .010(0.251___ I 
L _______________ ~ 

236± 008 
(6.00±0.20) 

.217 ~5.50) 
REF I 

.. r-~- .047 (1.20) MAX 
u-T~------m---m-l . 

L-j-=1004(0. lOI I .0197 (0.50) II -~.+ (SEATED HEIGHT) 

TYP 

.591 ±.008 .02 O±.OO4 
(15.00±0.20) (0.5 0±0.10) 

© 1990 fUI!TSU liMITED f14020S-1C 

-
, 

0(0) MIN 
(STAND OFF) 

(~~~!~~) $1 .003 (0.08) j,l) 

Dimensions in 
inc~es {millimeters} 

I 



PACKAGE DIMENSIONS (Continued) 
Suffix: - PFTR 

MB81 C1 OOOA-70L 
MB81 C1 OOOA-80L 
MB81C1000A-10L 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 

~ 
INDEX 

o 

591 ± 008 020± 004 
(15.00±0.201 (0.50±0.101 

0197(0 d=1 _0~4(0_1~1_ I 
-f~i 

TYP 

1 .567±.008 
I 006± 002 

• (0 15±0051 
(14.40±0.201 

.630±.008 
16.00±0.20 

© 1990 FUJITSU LIMITED F24021S-2C 

,----------------l 
I Details of "A" part I 
I I 
I .006(0.151 I 
I MAX I 

i F=::=4 .01~i~351 ! 

i X I 
I I 
I I I .006(0.151 .010(0.251 I 
L _______________ ~ 

.OO8±.OO4 -$ 
(0.20±0.101 

0(01 MIN 
501 (STAND OFFI 

~~~~~! .047 (1.201 MAX IF (SEATED HEIGHTI 

.236±.008 
(6.00±0.201 

Dimensions in 
inches (millimeters) 
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February 1990 
Edition 3.0 

DATA SHEET 

MBS1 C1 001-701-801-101-12 

cP 
FUJITSU 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Nibble Mode DRAM 
The Fuj~su MB81C1001 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 b~. The MB81C1001 has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, and compact layout. 

Fuj~su's advanced three-dimensional stacked capac~or cell technology gives the 
MB81C1001 high a·ray soft error immun~. CMOS technology is used in the 
peripheral circu~s to provide low power dissipation and high speed operation. 

This specHication applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

'. 1,048,576 words x 1 b~ 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTl 
compatible 

• 512 refresh cycles every 16.4 ms 
• Common va capability by using 

eartywr~e 

• ~ only, "CJffi"-before-~, or 
Hidden Refresh 

• Nibble Mode, Read-ModHy-Wrfte 
capabil~ 

• On-chip substrate bias generator for 
high pertormance 

Absolute Maximum Ratings (See Note) 

--~ 

Note: Pennanent device damage may OQCUI' if absolute maximum ratings are exceeded. 
Functional opsration should be resbicled 10 the conditions as detailed in the opsradon 
sections of this deta sheel Exposure to absolute maximum rating conditions for ex
tended psriods may affect device reliability. 

CopyrIght © 11180 by FWITSU LIMITED ... FLj"u UIcn>oIocbonIco, Inc. 

DIP-18P-M04 

DIP-18C-AD1 

LCC-26P-MD4 

ZlP--2DP-MD2 

Thlo _ contains cfrcubry to pnlI8Ct 1he Inpon again .. 
d...,. due to high .... Jc""'-or oJod!Ic IIolds. _,. Ja __ normal pnocaIllon8 betal<an .. avoid ~ 

of 111'/ ...... hlghor _ maximum _..-- "'hili hJWI 
~cfrcuJt. 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

AO 

A1 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

Fig. 1 - MB81C1001 DYNAMIC RAM - BLOCK DIAGRAM 

CAPACITANCE (TA= 25°C, f = 1MHz) 

Input Capacitance, AO to A9, D IN 

Input Capacitance, RAS, CAS,WE C IN2 

~~~------------------+-----
CaUT 

2-96 

DIN 

DOUT 
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PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 

RNI 

TE 

III 

A1 

A2 

A3 

18-Pln DIP: 
(TOP VIEW) 

Vss 

°OUl 

CAS 

AS 

AS 

A7 

Nl 

A5 

A4 

2G-Pln ZIP: 
(TOP VIEW) 

DIN 

WE 

iiAS 
TE 

NC. 

AD 

A, 

A2 

A3 

Vee 

: 1 

2 

: .3 

4 

[ 5 

~ 
9 

10 

~ 
11 

12 

13 

26-PtnSOJ: 
(TOP VIEW) 

28 

25 
24 

23 

22 

18 ] 

17 ,. 
15 

14 

CAS Vss WE TE NC. A, A3 A4 A. A8 

2.. 4. I 61. 8 •• 10. I 12i. 14. I 16-. 18_. 2Oi. 
~UnUnUnUnunUnUnUnUn 
1" 3" 5'1 7!' 911111113'11511171119" 

Vss 

o OUT 

CAS 
NC. 

Ag 

RECOMMENDED OPERATING CONDITIONS 

Supply Vohage [!] 

Input High Voltage. all inputs [!] VIH 2.4 6.5 

Input Low Voltage. all inputs [!] VIL -2.0 0.8 

V 

V 

V 

MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

o "C to +70 °c 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to dacode any one of 1,048,576 cell addresses in the memory me1Jix. Since only Ian address bits are available, the 
column and row inputs are sepBlBlaly strobed by ~ and"RltS as shown in Figure 1. First, nine row address bits are input on pins AO-4hroug~9 
and latched with the row address strobe (Rlrn ) then, Ian column address bits are input and latched with the column address strobe(m ). Both row 
and column addresses must be stable on or before the falling edge of~ and"RltS, respectively. The address latches are of the ftow-through type; 

thus, address information appearing after IRAH (min)+ tr is automatically treatad as the column address. 

WRITE ENABLE 

The read or write mode is delarmined by the logic stala of WE . When WE is active Low, a wriI9 cycle is initiatad; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. . 

DATA INPUT 

Data is written into the MBal C 1 001 during write or read-modily-write cycle. The input data is strobed and latched by the later falling edge ofCi!\S or 
"WE. In an early write cycle, data input is strobed by ~ , and set up and hold times are referenced to ~ . In a delayed write or read-fnodily-write 
cycle, "WE is set low after ~. Thus, data input is strobed by "WE, and set up and hold times are referenced to "WE. 

DATA OUTPUT 

The three--5tate buffers are TTL compatible with a fanout of two TIL loads. Polarity of the output data is identical to that of the input; the output buflers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-fnodily-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAC: 

ICAe: 

tAA : 

from the falling edge of~ when tRCo (max) is satisfied. 

from the falling edge of~ when tRCo is greater than tRCo, tRAo (max). 

from column address input when lRAo is greater then IRAo (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) IItlI OV ~ VIN ~ 5.5V; 
4.5V ~ VCC ~ 5.5V; 
V8S=OV;AU other pins 
not under test =lJV 

OUlputleakage current 10(4 
OV ~ VOUT ~ 5.5V; 
Data out disabled 

Operating current 
liAS & CAS cycling; (Average power ICC1 

supply current) ~ tRC = min 

Standby current lroI-~VIH 
(Power supply ICC 2 

current) RAS..CAS ~ VC~.2V 

Refresh current 
CAs..VIH. RAs 

.1 (Average power ICC 3 

supply current) ~ 
cycfmg; t RC= min 

Nibble Mode RAs" = Vil. CAS ICC 4 current 
~ cycling; tNC = min 

Refresh current liAS cycling ; 

.2 (Average power ICC. CA8-before--RAS; 
supply current) ~ tRC=min 

Notes 3 

-10 

-10 

MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

10 

!LA 

10 

rnA 

2.0 
rnA 

1.0 

rnA 

rnA 

rnA 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

AC CHARACTERISTICS 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

AC CHARACTERISTICS (Continued) 
(At recommended operatIng condItions unless otherwIse noted.) Notes 3, 4, 5 

t CSR 0 

t CHR 15 

t CAT 

INc 45 

t NRwe 67 

~ t NPA 

INcp 10 

Noles: 
1. Referenced 10 VSS 
2. Icc depends on the outpulload condilions and cycle rates; The 

specified values are obtained with the outpul open. 
Icc depends on Ihe number of address change as "RAS = V,L and 
~=VIH. 
Icc., Icc. and Iccs are specified althree time of address change 
during "RAS = V,L and ~ = VIH. 
1004 is specified alone time of address change during "RAS = V,L 
and ~=VIH. 

3. An Initial pause ("RAS =~ =VIH) 0/ 200JlS is required after 
power-up followed by any eighl"RAS -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counler, a minimum of eighl ~ -belore-"RAS inilialization 
cycles instead of 8 ms cycles are required. 

4. AC characteristics assume tr = 5ns. 
5. V IH (min) and V IL (max) are reference levels for measuring 

timing of inpul signals. Also lransition times are measured 
between V,H (min) and V,L (max). 

6. Assumes thaIIRCD:S IACD (max), IRAD:S IRAD (max). If IRCD is 
grealer than the maximum recommended value shown in Ihis 

table, IRAC will be increased by the amount thatlRco exceeds the 
value shown. Refer 10 Fig. 2 and 3. 

7. IftACD~IRCD (max),tRAD~IRAD (max),andIASC~1AA -1CAc

IT, access time is !cAe . 
8. IftRAD ~ IRAD (max) and IASc:S 1M -ICAe -I T , access time is 

1M. 
9. Measured wilh a load equivalenllo two TIL loads and 100 pF. 

10. toFF and toez is specified thaI outPUI buffer change 10 high 
impedance slale. 

43 

40 

0 0 0 ns 

15 15 20 ns 

45 50 60 ns 

45 45 60 ns 

67 70 85 ns 

40 40 55 ns 

10 10 15 ns 

11. Operation within the IRCD (max) limit ensures thallRAe (max) 

can be met. IRCD (max) is specified as a reference poinl only; if 
IACD is greater than lhe specified IRCD (max) Iimil, access time is 

controlled exclusively by !cAe or I AA . 

12. IACD (min) = IRAH (min)+ 21T + lASe (min). 
13. Operation within the IRAD (max) limilensures thallRAe (max) 

can be mel. IRAD (max) is specifl9d as a relerencepoinl only; if 
IRAD is greater than lhe specified IRAD (max) limil, access time is 

controlled exclusively by IcAC or I AA • 

14. Either IRRH or IRCH must be satisfied for a read cycle. 
15. I wcs , I cwo , I,RWD and !AWD are nol a restrictive operating 

perameter. They are included in Ihe data sheel as an electrical 
characteristic only. If twcs > t wes (min), the cycle is an early 
write cycle and Doul pin will maintain high impedance state 
thoughoullhe entire cycle. If I cwo > I cwo (min), I RWD > I 

RWD (min) , and I AWD > I AWD (min), the cycle is a read 
modify-write cycle and data from lhe selected cell will apper al 
the DoUI pin. II neither of the abow conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Doul 
pin, and wrile operation can be exected by salisfying ~WL ,I 

CWL ,and IRAL specifications. 
16 I NPA is access time Irom the selection 01 a new column address 

(thaI is caused by changing ~ from "L" 10 "H"). Therefore, if 

INCP is long, I NPA is longer than !NPA (max). 
17. Assumes thaI ~ -before-"RAS refresh, ~ -before-"RAS 

refresh counler tesl cycle only. 

2-101 

IDI 



MB81C1001-70 
MB81 C1 001-80 
MB81C1001-10 
MB81C1001-12 

Fig. 2-m va. 'ACO 

160 t RAe (ns) 

140 

, .. ~ 120 

100 

80ns Version 
80 

70ns versior I 
60 I I 

1: 
I I 

II II 
20 40 60 80 100 120 

t RCD (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L L L Valid 

L L H~L Valid 

RAS-only 
L H X Valid Refresh Cycle 

CAS-before-AAS 
L L X Refresh Cycle 

Hidden Refresh 
H~L L X Cycle 

Notes: 

X: 'H"or'L" 
'1: It is impossible in Nibble Mode. 
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Valid 

Valid 

Valid 

Fig. 3 - 'RAe va. 'RAD 

t RAe (ns) 160 

Valid 

X~ 
Valid 

140 

120 

100 
I 

80 SOns Version I I --r+t-+ 10ns Version 
-(! I I 

• 
60 II I I 

1: "II II 
20 40 60 80 100 120 

t RAe (ns) 

Valid Yes '1 t RCS::O t RCS (min) 

High-Z Yes '1 t wcs::O t wcs(min) 

Valid Yes '1 t cwo ::0 t cwo (min) 

High-Z Yes 

High-Z Yes t CSR::O t CSR (min) 

Valid Yes 
Previous data is 
kept 



Fig. 4 - READ CYCLE 

~---------- tAC 

MB81 C1 001-70 
MB81 C1 001-80 
MB81C1oo1-10 
MB81C1oo1-12 

___ "\I .,1-------- tRAS -------1 1,---_1 

RAS 

CAS 

AotoA. 

WE 

DOUT 

V1H -

V1l -

V1H -

V1l -

V1H -

V1l -

V1H -

VIl -

VOH -

VOL _ 

DESCRIPnON 

tlfMil ~or-L· 

&1':1 _~Data 

The read cycle is executed by keeping both AAs and~·L· and kaeping WE"W throughout the cycle. Therow and column addresses are 
latched with RAs and CAS, respectiwly. The data oulpUt remains valid with CAS "L·, ie., il CAS goes "W , the data becomes invalid alter tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). "tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

Fig" 5 - WRITE CYCLE ( Early Write) 

tAC 
~ _____________ t~ ______________ ~ 

VIH - ------\1 1..-----.1 
RAS 

VIL -

CAS 
VIH -

Vil -

Ao to A. 
VIH -

VIL -

WE 

DIN 
VIH -

Vll -

DouT 
VOH -

VOL -

14--------------- tCSH -------------.-101 
..... ------- t RSH --------I 

--~~------t~ ------~~ 
--~----~~--~~~ 

tRAl 

VALID 
DATA IN 

HIGH-Z 

DESCRIPTION 

III "H"or "l" 

The write cycle is executed by the same manner as read cycle except for the state of WE and DIN pins. The data on DIN pin illatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with. the 
specifications. 
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RAS 

CAS 

WE 

DIN 

VIH

VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

Dour VOH-

VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

The read-modfy-write cycle is executed by changing We from "H" to "l" alter the data appears on the DOUT pin. 
Alter the current data is read ou~ modHied data can be rewrillen into the same address quickly. 

MB81 C1 001·70 
MB81C1001·80 
MB81C1001·10 
MB81C1001·12 

Irll·H .... L • 

~?a InvM~DU 
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MB81Cl001-70 
MB81 Cl 00l-SO 
MB81Cl00l-l0 
MB81Cl001-12 

RAS 

CAS 

A loA 
o 9 

WE 

DOUT 
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Fig. 7 - NIBBLE MODE READ CYCLE 

uml -.l·or"L· 
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CAS 

DIN 
V IH -

V IL -

DOUT VOH -
VOL _ 

Fig, 8 - NIBBLE MODE WRITE CYCLE (Early Write) 

MB81C1001-70 
MB81 C1 001-80 
MB81C1001-10 
MB81C1001-12 

~--------------------t~ --------------------~~ 

---------------------------HIGH-Z-----------------------------

,:aul "H" or' L' 
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MB81C1001-70 
MB81C1001-8Q 
MB81C1001-10 
MB81C1001-12 

Fig" 9 - NIBBLE MODE REA~ODIFY-WRITE CYCLE 

VIH
RAS VIl-

VIH_ - .... ..:..:--. 
CAS 

VIL-

VIH_ "'_lr--;.....-tJ~....;.~ 
ADtoAa 

VIl.-

WE VIH-
VIL-

DIN VIH-
VII.-

DoUT VOH-___ ----f/AICI 
VOI.- ~_..3r 

IDH 
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Ao toAs 

DoUT V OH -
VOL -

DESCRIPTION 

Fig. 10 - Rirn-oNLY REFRESH CYCLE 
NOTE: A9, WE, DIN = .. H " or .. L " 

MB81C1001-70 
MB81 C1 001-80 
MB81C1001-10 
MB81C1001-12 

Refresh of RAM memOt'}' cells is acoomplished by perfonning a read, a write, or a read-modify-write cycleat each of 512 row addresses every 
8.2-<Tlilliseconds. Three refresh modes are available: ItliS-only refresh, ~-befor&-~ refresh, and hidden refresh. 

~nly refresh is perfonned by keeping ~ Low and ~ High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of"R)!;S. During ~nly refresh, DouT pin is kept in a high-impedance state. 

Fig. 11 - ~BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = .. H .. or .. L .. 

~---------------tRC--------------~ 

_----.......,.L. t-o>------ tRAS ----I Jr----.......,!L 

DoUT ~OH -------+.a&--------------HIGH-Z-----------
OL - -----31f 

DESCRIPTION 

~before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. In:AS is held Low for the 
specified setup time (!cSA) before "RAS goes Low, the on-<:hip refresh control clock generators and refresh address counter are enabled. An 
intemal refresh operation automatically occurs and the refresh address counter is internally inoremented in preparation for the next 
~-before-ms refresh operation. 
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MB81C1001-70 
MB81 C1 001-80 
MB81C1001-10 
MB81C1001-12 

VIH-
RAS 

Vll-

VIH-
CAS Vll-

ADIOAa 
VIH-

Vll-

WE VIH-

(Read) Vll-

DOUT 

WE 
VIH-

(ReadlWrite VIl-
Cycle) 

DIN 
VIH-

Vll-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

tRAS 

\CAS 

f-

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time ofm and cycling 
RA!!. The refresh row address is provi~y the on3 refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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RAS 

AotoAs 

~ 
(Read) 

DouT 

WE 
(Write) 

DIN 

Fig" 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

COLUMN ADDRESS 

VIH -
VIL -

VOH -

VOL _ 

VALID DATA 

MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

IIIWI "H"or"L" 

2-111 



MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

PACKAGE DIMENSIONS 
Suffix: -P) 

.050(1.27) 

MAX 

IS-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-18P-M04) 

I~ I.R! H~Q~H P p,.:: 'ct _ "'"'''' .'" 
.125(3.18) MIN 

U+ OO6 --
.100(2.54) .018_:002 .020(0.51) MIN - r---.-----

TYP (0.45~g6~) 

© 1988 FUJITSU LIMITED D18015S-4C 
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Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
Suffix: -C) 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No_: DIP-18C-A01) 

MB81C1001·70 
MB81 C1 001·80 
MB81C1001·10 
MB81C1001·12 

nrmffiJ I II II ~::;:;·'::":81J' 
.100±.010 TTl ~ ~ L T .035±.015 

12.54±0.25)1 r REF I (O.89±0.38) 

l .800120.32JREF 

.050±.010 .018~:gg~(o.46~g))~) 
(1.27±0.25) 

© 1988 FUJITSU LlMITEO D18014S·4C 
Dimensions in 
inches (millimeters) 
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MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

LEAD No.CD 
.050'.005 

(1.27.0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P·M04) 

'.675'.005 
(17.15'0.13) 

I 
.300(7.62) .332>.005 

L1 "T" 
"A" 

~ ~-'~"~ 
C\ I .004(0.'0) 

.140(355)MAX 

.089(2.25)NDM 

r- .025(0.64)MIN 

F<~I 
.268±.020 

",!>~05" 

Details of "At! part 
NOTE: 1 ... : This dimension includes resin protrusion. (Each side: .OO6(O.15)MAX) 

2. Although this package has 20 leads only, its pin positions are the same as that of 26·lead package. 

01989 FWITSU LIMITED ~·1C 
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inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 

I 

I 
INDEX 0 .335±.0 d (S.50±0 

10 
.25) 

MB81C1001-70 
MB81C1001-80 
MB81C1001-10 
MB81C1001-12 

112± OOS 
(2.S5±0.201 

.3S71.013 
(9.83±0.33) 

1 

~nrn~nrn~nrn~~~ f~<--
I 

-} 

050(1.27} 
-:--rYP---

II I' .020±.004 
I (O.50±O.10) 

LEAD No. '1~52Y5?525ft 
(BOTTOM VIEW) ')g 

c'1989 FUJITSU LIMITED Z2DDD2S-4C 

.010±.002 
(0.25 ± 0.05) 

118(3.00} MI N 

'--..--1 
.100(2.54} TYP 

ROW SPACE} 

Dimensions in 

inches (millimeters) 
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February 1990 
Edition 1.0 

DATA SHEET 

MB81C1001-70U-BOU-10U-12L 

cO 
FUJITSU 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Nibble Mode DRAM 
The Fujitsu MB81C1001 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1001 has been designed for mainframe 
memories, buffer memories, and peripheral storage and memory systems of battery 
operated computers requiring very low power dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1001 high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 

This specnication applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

• 1,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 
• Common va capability by using 

early write 

• RXS" only, ~-before-Jtl(S", or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Parmanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted 10 !he conditions as delailed in lila operation 
saotians oIlhis dala sheet. Exposure 10 absolute maximum rating conditions lor ex
tended periods may affect deIIica raliabiHty. 

Copyright © 1990 by FUJITSU LIMITEO and FuJitsu 11-. Inc. 

DIP-18P-M04 

DIP-18C-A01 

LCC-26P-M04 

ZlP-20P-M02 

Thil deYIce contains ciraJltry to proIecI the Inputs against 
damage due to high static votlages or electric flald8. However, It 
II advtaed that normal precatJ:lons be taken to avoid application 
oI8I!'f voItago higher than maxl""m ratod voItag .. ., this high 
~clraJit. 
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MB81C1001-70L 
MB81 C1 001-80L 
MB81C1001-10L 
MB81C1001-12L 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

AS 

FIg. 1 - MB81C1001 DYNAMIC RAM - BLOCK DIAGRAM 

CAPACITANCE (TA= 25°C, f = 1 MHz) 
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DIN 

DOUT 



PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 

RAS 

TE 

NJ 

A1 

A2 

A3 

1~InDlP: 

(TOP VIEW) 

VSS 

DOUT 

CAS 

Aa 

AS 

A7 

AS 

AS 

M 

2G-Pln ZIP: 
(TOP VIEW) 

DIN 

WE 

iiAS 
TE 
NC. 

AO 

A1 

A2 

A3 

Vee 

: 1 

2 

: 3 

• 
I 5 

I a 

~ 
10 

11 

[ 12 

[ 13 

2~lnSOJ: 

(TOP VIEW) 

26 ~ 

~ 25 
24 

23 ~ 
22 ~ 

18 J 
17 J 
1S ] 

15 

l' 

CAS Vss WE TE NC. A1 A3 A. As As 

2.. 4. I e.. 8.. 10. I 12i. 14.. 16.. 18.. 201' 

~unununununununUnUn 
1" 3" 5' I 7! I 9" 11" 13" 15" 17" 19" 

Vss 
o OUT 

CAS 
NC. 

Aa 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage [D 

Input High Voltage, aU inpute [D VIH 2.4 6.5 

Input Low Voltage, aU inputs [D VIL -2.0 0.8 

V 

V 

V 

MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

o "e1ll +10 °c 
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MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode anyone of 1,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and raw inputs are separately strobed by CXS' and 'RAS as shown in Figure 1. First, nine row address bits are input on pins AO-throug~9 
and latched with the row address strobe (~ ) then, ten column address bits are input and latched with the column address strobe(~ ). Both raw 
and column addresses must be stable on or before the falling edge of~ and 'RAS , respectively. The address latches are of the flow-through type; 

thus, address information appearing after!RAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initialed; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is written into the MBa 1 C 1 001 during write or read-rnodify-write cycle. The input data is slrobed and latched by the later falling edge ofCIIS or 
'WE. In an earfy write cycle, data input is slrobed by ~ , and set up and hold times are referenced to ~ . In a delayed write or read-rnodify-write 
cycle, 'WE is set low after ~. Thus, data input is slrobed by 'WE , and set up and hold times are referenced to 'WE. 

DATA OUTPUT 

The three-state buffers are TIL compatible with a fanout of two TIL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column addres.s strobe goes Low. When a read or read-rnodify-write cycle is executed, va6d outputs are 
obtained under the following conditions: 

tRAC: 

tCAC: 

tAA : 

2-120 

from the falling edge of"RAS when tRCO (max) is satisfied. 

from the falling edge of~ when tRCO is greater than tReO, tRAO (max). 

from column address input when !RAO is greater then tRAO (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless othelWlse noted) 

Input leakage current (any input) I Ill) OV S VIN S 5.5V; 
4.5V S VCC S 5.5V; 
VSS=OV;An other pins 
not under test =OV 

Output leakage current lOlL) 
OV S YOUr S 5.5V; 
Data out disabled 

Operating current 
RAS & CAS cycling; (Average power 

supply current) [!] tRC = min 

Standby current AAS=CAS:VIH 
(Power supply 
current) RAS~ 2: VC~.2V 

Refresh current 
CAS=VIH. RAS 

'1 (A-age power 
supply current) [!] cycling; tAC= min 

Nibble Mode RAs" = VIL. CAS 
current [!] cycling; tNC = min 

Refresh current RAS cycling ; 

'2 (A-age power CAS-berore-RAS; 
supply current) [!] 

Batlery Back up 
current tAC =125 ~RAS·=min. 
(Average power to 1 1»1. =apen. 

supply current) Other pin 2: Vco-O.2V or 
0.2V 

Notes 3 

-10 

-10 

MB81 C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

10 

I1A 

10 

rnA 

1.5 rnA 

250 I1A 

mA 

rnA 

mA 

250 I1A 
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MB81 C1 001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

AC CHARACTERISTICS 

2-122 



MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

I CSR 0 

ICHR 15 

I CAT 

INC 45 

I NRWC 67 

[!J§] I NPA 

I NCP 10 

Notes: 
1 . Referenced to VSS 
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number of address change as"R7m = VIL and 
~=VIH. 
ICC1. Icc3 and ICC5 are specified at three time 01 address change 
during "R7m = VIL and ~ = VIH. 
1CC4 is specified at one time of address change during "R7m = VIL 
and ~=VIH. 

3. An Initial pause ("R7m =~ =VIH) of 200llS is required after 
power-up followed by any eight"R7m -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter. a minimum of eight ~ 4lefore-"R7m initialization 
cycles instead of 8"R7m cycles are required. 

4. AC characteristics assume tr = Sns. 

5. V IH (min) and V IL (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VIH (min) and VIL (max). 

6. Assumes that tRCD~ tRCD (max). tRAD~ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 

table. tRAC will be increased by the amount that IRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCD;;':tRcD (max).tRAD;;':tRAD (max).andtASc;;':tM -tCAC

t T • access time is !cAe . 

8. IftRAD;;': tRAD (max) and IAsc ~ tM - tCAe - t T • access time is 

tM. 
9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. tOFF and toEZ is specified that output buffer change to high 
impedance state. 

43 

40 

0 0 0 ns 

15 15 20 ns 

45 50 60 ns 

45 45 60 ns 

67 70 85 ns 

40 40 55 ns 

10 10 15 ns 

11. Operation within the IRcD (max) limit ensures thattRAe (max) 

can be met. tRCD (max) is specified as a reference point only; if 

tRcD is greater than the specified IRCD (max) limit. access time is 

controlled exclusively by !cAe or t M . 

12. tRCD (min) = tRAH (min)+ 2tT + lAse (min). 

13. Operation within the tRAD (max) limit ensures thattRAe (max) 

can be met. tRAD (max) is specified as a reference point only; if 

tRAD is greater than the specified IRAD (max) limit. access time is 

controlled exclusively by !cAe or t M . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes • t cwo • t.RWO and tAWO are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 

characteristic only. If twes > t wcs (min). the cycle is an eariy 
write cycle and Dout pin will maintain high impedance state 

thoughout the entire cycle. If t cwo > t cwo (min). t RWO > t 

RWO (min) • and t AWO > t AWO (min). the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied. the 
cycle is a delayed write cycle and invalid data will appear the Dout 

pin. and write operation can be exected by satisfying RWL • t 

CWL . and tRAL specifications. 

16 t NPA is access time from the selection of a new column address 
(that is caused by changing ~ from "L" to "H"). Therefore. if 

tNcP is long. t NPA is longer than tNPA (max). 
17. Assumes that ~ -before- "R7m refresh. ~ 4lefore-"R7m 

refresh counter test cycle only. 
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MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

Fig. 2 -1fIAc va. IRCO 

I RAe (ns) 160 

140 

120 

100 

80ns Version 
80 

70ns versior I 
60 I I 

'L II - I [ II 
20 40 60 80 100 120 

I ReD (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L Valid 

L Valid 

RAS-<lnly 
L H X Valid Refresh Cycle 

CAS-belore-AAS L L X Refresh Cycle 

Hidden Refresh 
H-+L L X Cycle 

Notes: 

X: "H"or"L" 
'1: II is impossible in Nibble Mode. 
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Fig. 3 -1fIAc va. lRAO 

I RAe (ns) 160 

140 

120 

100 
I 

80 80ns Version I I 
=:(f1t 70ns Version 

60 II I I 

Lilli! I • 20 40 60 80 100 120 

I RAO (ns) 

Valid 
Yes '1 t ReS ~ t RCS (min) 

Valid Valid High-Z Yes '1 t wcs~ t wcs(min) 

X-+ 
Valid Valid Valid Yes '1 t cwo ~ t cwo (min) 

High-Z Yes 

High-Z Yes t CSR ~ t CSR (min) 

Valid Yes 
Previous data is 
kept 



RAS 

CAS 
V IH -

V IL -

AotoAg 
V IH -

V IL -

WE 
V IH -

V IL -

DOUT 
VOH -

VOL _ 

DESCRIPTION 

Fig" 4 - READ CYCLE 

.... ---------- tAC 

MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

III "H"or"l.-

t~~~<l Invalid Data 

The read cycle is executed by keeping both AAs and CAs"L' and keeping WE "H"throughout the cycle. Therow and column addresses are 
latched with RAs and CAs, respectively. The data output remains valid with CAS"L ", ie., if CAs goes "H" , the data becomes invalid after tOH 
is satisfied. The access time is determined by RAs (tRAC), CAs (tCAC), or Column address input (IAA). If tRCD (RAS to CAs delay time~s 
greater than the specification, the access time is IAA. 
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MB81C1001-70L 
MB81 C1 001-80L 
MB81C1001-10L 
MB81C1001-12L 

RAS VIH -

VIL -

CAS 
VIH -

VIL -

AotoAg VIH -

VIL -

WE 

DIN 
VIH -

VIL -

Dour 
VOH -

VOL -

DESCRIPTION 

Fig, 5 - WRITE CYCLE ( Early Write) 

tAC 

t RAs 

tCSH -I 
tASH 

tCAS 

tRAL 

VALID 
DATA IN 

HIGH-Z 

l~t1~~1 'ff" or"l' 

The write cycle is executed by the same manner as read cycle except for1he state of WE and DIN pins. The data on DIN pin illatchedwi1h 1he 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied wi1h 1he 
specifications. 

2-126 



RAS 

CAS 

WE 

DIN 

DoUT 

V,H
Vll-

VIH_ 

VIl-

VIH

Vn.-

V,H

Vll-

VIH-

Vll-

VOH-

VOl-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

~-------------------------IRWC 

~------------------- IR~ 

~-----------------~SH 

----.,._--------- IRSH 

--~~~----------W-~ ~--------~S 

L-t-~~ 
HIGH-Z VALID DATA 

IoN 

The read-modily-wrile cycle is executed by changing WE from "H" to "L' after the data appears on the DOUT pin. 
After the current data is read ou~ modified data can be rewritten into the same address quickly. 

MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

toH 

1~~;!ll'H.or'l' 
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MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

RAS 

CAS 

A loA 
o 9 

WE 

Dour 

2-128 

Fig. 7 - NIBBLE MODE READ CYCLE 

lr@ll!1 "H- or"-

~8=II-Dota 



CAS 

DIN 
Viii -

V IL -

Dour VOH -

VOL -

Fig. 8 - NIBBLE MODE WRITE CYCLE (Early Write) 

MB81C1001-70L 
MB81 C1001-80L 
MB81 C1001-10L 
MB81C1001-12L 

~--------------------I~ --------------------~~ 

-------------HIGH-Z--------------
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MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C10()1-12L 

VIH
RAS VIL-

Fig. 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE 

VH_ --r-~---.n. 
CAS VIL-

AD to A. 

WE VIH-
VIL-

DIN VIH-
VIL-

IOH 
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AotoAa 

Flg.10-'RAS-oNLY REFRESH CYCLE 
NOTE: A9, WE, DIN = H H " or H L " 

MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

V1H -- ------------~~----------------------------~~-------------------
V 1L -- ------------0If'" 

DruT V
OH 

-- ------------------Bi~----------------VOL -- ________________ .;1(' 

DESCRIPTION 
l!il·wor.L· 

Refresh of RAM memory cells is eccomplished by pertonning e read, a write, or a read-modify-write cycleat each of 5t 2 row addresses every 
64-miHiseconds. Three refresh modes are available: AAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is pertonned by keeping RAS Low and CAs High throughout the cycle; the row address to be refreshed is letched on the 
falling edge of ~. During ~nly refresh, DoUT pin is kept in a high-impedance state. 

Fig. 11 - ~BEFORE-RAS REFRESH CYCLE 
NOTE: AOto A9, WE, DIN = H H" or" L" 

Do~ VOH -- __________ ~ .. --------------------------VOL ______ ~ 

DESCRIPTION 

CAS-before-RAS refresh is an on-...:!!!I:? refresh capability thaI eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (leSR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
m-before-"RA§" refresh operation. 
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MB81 C1 001-70L 
MB81C1001-80L 
MB81 C1 001-1 OL 
MB81C1001-12L 

RAS 
VIH-
VIL-

CAS 
VtI-
VL-

MIG'" VtI-
VIL-

we VIH-
(Read) VIL-

WE 
VtI-

(ReacflWriIe 
Cycle) 

VIL-

DIN VIH-
VIL-

DESCRIPTION 

Fig, 12 - HIDDEN REFRESH CYCLE 

• 'H'or'L' 

A hidden I8Iresh cycle may be performed while maintaining the latest valid dara at the output bY extending die active time oIm and cycling 
m. The refresh rfINt address is proviC!!!!. by lheon~ refresh eddress counter. This efimineleslhe need for the external rfINt addresa1hat is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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RAS 

CAS 

AIl .. As 

~ 
(Read) 

Dour 

WE 
(Write) 

DIN 

v -IH 
V1L -

VIH -
VIL -

V1H -

V1L -

VOH -

VOL _ 

Flgo 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

J-n=IRSH-
lASe 

COLUMN ADDRESS 

VALID DATA 

MB81 C1 001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

liMII °HOoroLO 
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MB81C1001-70L 
MB81 C1 001-80L 
MB81C1001-10L 
MB81C1001"12L 

PACKAGE DIMENSIONS 
Sufflx:-P 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-18P-M04) 

2-134 

.050(1.27) 

MAX 

r-- 868+.008122 05+0.20)~ II'. ",.,. -.012 . -0.30 ,n,,,, I 

.!--
1·100(2.54) 

TYP 

©1988 FUJITSU LIMITED 018015S-4C 

.020(0.51) MIN 

-

1.62) 
P 

I --r 
.010~:gg~ 

(0.25~g:61) 

.197(5.00) MAX 

.125(3.18) MIN 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
Sufflx:-C) 

18·LEAD CERAMIC (METAL SEAL) DUAL IN·LINE PACKAGE 
(CASE No.: DIP·18C·A01) 

"",,," .. ~~: : : : : i[i 3]' .:+g, 
I. .900'.010 -I (22.86'0.251 

MB81C1001-70L 
MB81C1001-80L 
MB81C1001-10L 
MB81C1001-12L 

."..,....,J-ooto 9 
... - \ 

J 

010+.00-;7 . -.002 

10.25~g:6~1 

~ ~$;:;M:~:J' 
.100 •. 0101 ] ~ .032(0.Sll l-i .035 •. 015 

(2.54'0.25)1 REF (0.S9'0.3SI 

I. .SOO(20.32IREF 
.050 •. 010 .Q1S+·005(0.46+0.131 

(1.27'0.25) 
~!lO3 -O.OS 

Dimensions in 
© 1988 FUJITSU LIMITED 018014S-4C inches (millimeters) 
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MB81C1001-70L 
MB81 C1 001-80L 
MB81C1001-10L 
MB81C1001-12L 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

LEAD No.CD 
.050±.005 

(1.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P-M04) 

·.675±.005 
(17.15±0.13) 

I 
.300(7.62) .332±.005 

u"T'" 
"AU 

.140(3.55)MAX 

.089(2.25)NOM 

.025(0.64)MIN 

r-F~I 
.268'.020 
(6.81'0.51 ) 

~5!)~ 

iWi 7&---r-,~.~ 
.OI'D04(o'~ --11 •. 017 •. 004 

'(0.43'0.10) 
Details of "A" part 

NOTE: 1. -: This dimension includes resin protrusion. (Each side: .006(O.15)MAX) 
2. Although this package has 20 leads only. its pin positions are the same as that of 26-lead package. 

01989 FUJITSU LIMITED C26054S·1C 
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PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-lOP-MOl) 

I 

o 

.050(1.271 II .020± .004 
! i (0.50±0.101 TYP 

~ 
I 

.335±.010 
(8.50±0.2S) 

.010±.002 
(0.25 ± 0.051 

LEADNO'0~~ 

(80TTOM~ 

© 1989 FUJITSU LIMITED Z20D02S-4C 

MB81 C1 001-70L 
MB81 C1 001-80L 
MB81C1001-10L 
MB81C1001-12L 

112±.00S 
(2.S5±0.201 

.3sJ.013 
(9.83 ± 0.331 

I 
-~ 

.1 18(3:001 MIN 

~ 

.100(2.541 TYP 

ROW SPACE 

Dimensions in 

inches (millimeters) 
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CMOS DRAMs Dynamic RAM Data Book 

2-138 



November 1990 
Edition 3.0 

DATA SHEET 

MB81 C1 001 A-601-701-BOI-10 

OJ 
FUJITSU 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Nibble Mode DRAM 
The Fujitsu MB81C1001A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bH. The MB81C1001A has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or oompact layout. 

Fujitsu's advanced three-dimensional stacked capacHor cell technology gives the 
MB81C1001A high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

Features 

• 1,048,576 words x 1 bH 
organization 

• Silioon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
oompatible 

• 512 refresh cycles every 8.2 ms 

• Common 110 capability by using 
early write 

• Rim" only, ~-before-JUrn", or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) .. 
Note: Pennanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the oonditions as detailed in Ihe operation 
sections of Ihis data sheet. Exposure to absolute maximum rating oonditions for ex
tended periods may affect device reliability. 

Copyright © 1990 by FWrrsu LIMITED and Fujitsu MIcIOOloc:lronicl. Inc. 

DIP-18P-M04 

DIP-18C-A02 

LCC-26P-M04 

ZIP-20P-M02 

* FPT-24P-M04 '* FPT-24P-M05 
* : Available for 70/80/100 ns versions 

this device contains cIroultl'Y to prd8Ct the Inputs against 
damago duo" high static voIIagos or oIOCIric: fIolds. However. ~ 
II odvIoed dUd normal procautlons be taken .. avoid /IilPk:aIIon 
:::~'ther than maximum rated voltages 10 this high 
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MB81 C1 001 A-50 
MB81 C1OO1 A-70 
MB81 C1 001 A-80 
MB81 C1 001 A-10 

Fig. 1 - MB81C1001A DYNAMIC RAM - BLOCK DIAGRAM 

AO 

A1 

A2 

AS 

A4 

AS 

A6 

A7 

AS 

A9 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Input Capacitance, AD to A9, 0 IN 5 

InputCapacitance,RAS, CAS,WE 5 
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MB81 C1001 A-60 
MB81 C1001 A-70 
MB81C1001A-80 
MB81C1001A-10 

PIN ASSIGNMENTS AND DESCRIPTIONS 

18-1'In DIP: 
(TOP VIEW) 

DIN VSS DIN 

WE 
DOUT 

WE 

RAS 
RAS CAS IE 

: 1 

2 

: 3 

• 
IE AS NC. [ 5 

AD AS 

AI A7 

A2 AS AO 

A3 A5 
AI 

A2 

Vee A4 A3 

: 9 
10 

~ 
11 

12 

VCC [ 13 

26-4'ln SOJ: 
(TOP VIEW) 

26 

25 
24 

23 

22 

IS 

17 

16 

15 

I. 

~ 
~ 
~ 

~ 
~ 

Vss 
DOUT 

CAS 
NC . 

Ag 

AS 

A7 

A6 

A5 

A. 

NC. 

~ 
1m' 

TE 

24-1>In FPT: 
(TOP VIEW) 

<Normal Bend : FPT -24P-M04> 

<Reverse Bend: FPT-24P-M05> 

2D-PlnZIP: 
(TOP VIEW) 

CAS Vss WE TE NC. AI A3 A. A6 AS 

21. 4.. 6.. 8.. 10.. 12i. 14.'· 16. I 18. I 20 •• 
~U"U"UnU"UnUnUnUnUn 
1" 3" 5"' 7!' 9' I 11" I 13' I 15" I 17"' 19' I 

AS 
A7 
AS 
A5 
A4 

vee 
A3 
A2 
AI 
AD 

AD 
AI 
A2 
A3 
Vee 

A4 
A5 
A6 
A7 
AS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage QJ V 

QJ o °c to +70 °c 
Input High Voltage, all inputs VIH 2.4 6.5 V 

Input low Voltage, all inputs QJ Vll -2.0 0.8 V 
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MB81 C1 001 A·60 
MB81 C1 001 A·70 
MB81 C1 001 A·SO 
MB81 C1 001 A·10 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one 011,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CXS" and rots as shown in Figure 1. First, nine row address bits are input on pins AO-through-A9 
and larchad with the row address strobe (rots ) then, ten column address bits are input and latchad with the column address strobe(~ ). Both row 
and column addresses must be sIBbie on or before the falling edge of~ and rots , respectively. The address latches are olthe ftow-lhrough type; 

thus, address information appearing allier IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic s_ of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle Is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is wril\en inlO the MB81 C 1 001 A during write or read-inodily-write cycle. The inputdata is strobed and latched by the later falling edge o~ or 
'WE. In an early write cycle, data input is strobad by~ , and set up and hold times are relarencad 10 ~ • In a delayad write or reed-rnodily-write 
cyo/e, 'WE is set low allier ~. Thus, data input is strobad by 'WE , and set up and hold times are relarencad to 'WE. 

DATA OUTPUT 

The thl'lllHltate buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is Identical to that of the input; the output buIIars 
remain in the high-impadance state until the column address strobe goes Low. When a read or reed-rnodily-write cycle is executed, valid outputs are 
obtainad ooder the following conditions: 

'RAC : from the lalfing edge of~ when tACO (max) is satisfiad. 

tCAC : from the Ialrmg edge ol~ when tACO is greater then IRCD, IRAD (max). 

1M: from column address input when lRAo is greeter then tRAe (max). 

2·142 



DC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted) 

Input leakage current (any input) I ~L) OV S VIN S 5.5V; 
4.5V S VCC S 5.5V; 
VSS=OV;AII o1her pins 
not under test JJV 

Output leakage current IO(L) 
OV S VOUT S 5.5V; 
Data out disabled 

Operating current 
RAS & CAS cycling; (Average power ICC, 

supply current) [!] tRc=min 

Standby current TTL level "1Wl=CAS..VIH 
(Power supply ICC2 

current) CMOS laval l!iA§=~ ~ VC~.2V 

Refresh current 
CAs..VIH, RAs 

#1 (Average power ICC3 

supply current) [!] cycling; tAC= min 

Nibble Mode RiiS = VIL, CAS ICC4 current [!] cycling; tNC = min 

Refresh current RAS cycling ; 

112 (Average power ICC5 ~ore--m; 
supply current) [!] tAC =min 

Notes 3 

-10 

-10 

MBS1 C1 001 A-60 
MB81C1001A-70 
MB81 C1 001 A-SO 
MBS1C1001A-10 

10 

I1A 

10 

mA 

2.0 
mA 

1.0 

mA 

mA 

mA 
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MB81 C1 001 A-60 
MB81 C1001 A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

AC CHARACTERISTICS 
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MB81 C1 001 A-SO 
MB81C1001A-70 
MB81C1001A-80 
MB81C1001A-10 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

I CSR 0 

I CHR 10 

INC 35 

INRWC 52 

[!;j!) I NPA 

t NCP 10 

Noles: 
1. Referenced to VSS 
2. Icc depends on the outpulload condilions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on lhe number of address change as ltlIS = VlLand 
~=VIH. 
ICC1, 1CC3 and Iccs are specified at Ihree time of address change 
during ltlIS = VIL and ~ = VIH. 
1CC4 is specified alone time of address change during ltlIS = VIL 
and ~=VIH. 

3. An Initial pause (ltlIS =~ =VIH) of 200)J.s is required after 
power-up followed by any eighlltllS ~Iy cycles before proper 
device operation is achieved. In case of using internal refresh 
counler, a minimum of eight ~ 41efore-ltlIS inilialization 
cycles instead of 8 -rom cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. VIH (min) and VIL (max) are reference levels for measuring 
timing of inpul signals. Also lransition times are measured 

between VIH (min) and VIL (max). 

6. Assumes thalIRCD~ IACD (max), IRAD~ IRAD (max). If IACD is 
greater than the maximum recommended value shown in Ihis 

table, IRAe will be increased by the amount that IRco exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IfIRCD~IACD(max),IRAD~IRAD (max),andIAsC~IAA -1cAC
IT, access time is !cAe . 

8. IftRAD~IRAD (max)andlAse~1AA -lcAe -tT,acc:esstimeis 

IAA. 
9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. !oFF and toez is specified thet output buffer change to high 
impedance state. 

30 

0 0 0 ns 

10 12 15 ns 

40 40 45 ns 

60 60 70 ns 

35 35 40 ns 

10 10 10 ns 

11. Operation within the IRCD (max) limit ensures that IRAe (max) 

can be met. IRCD (max) is specified as a reference pcint only; if 

tRCD is greater than the specified IReD (max) limit, access time is 

controlled exclusively by IcAC or t AA . 

12. IACD (min) = IRAH (min)+ 2tT + lAse (min). 
13. Operation within the IRAD (max) limit ensures that IRAe (max) 

can be met. tRAQ (max) is specified as a reference point only; if 

tRAD is greater than the specified IRAD (max) limit, access time is 

controlled exclusively by !cAe or t AA . 

14. Either IRRH or IACH must be salisfied for a read cycle. 

15. I wcs , I cwo , I,RWO and IAwo are not a resbictive operating 
parameter. They are included in the data sheel as an electrical 

characteristic only. If!wes > t wes (min), the cycle is an early 
write cycle and Doul pin wiN maintain high impedance state 

thoughoultheentirecycle. If I cwo > I cwo (min), tRWD >1 

RWD (min) , and I AWD > I AWD (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper al 
the Doul pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Doul 
pin , and write operation can be exected by salisfying ~WL ,I 

OWL ,and IRAL specifications. 

16 INPA is access time from the selection of a new column address 
(thai is caused by changing ~ from "L" 10 "H"). Therefore, if 

INCP is long, I NPA is longer than INPA (max). 
17. Assumes thai ~ 41efore--rom refresh, ~41efore-ltlIS 

refresh counler tesl cycle only. 
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MB81 C1 001 A-60 
MB81 C1 001 A-70 
MB81 C1 001 A-80 
MB81C1oo1A-10 

I RAe (ns) 160 

140 

120 

100 

Fig. 2 -I RAe va. IfIco 

II 
I I II 

20 40 60 80 100 120 

I RCO (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L L Valid 

L L Valid 

L H Valid 

L L X 

Hidden Refresh 
H-+L L X Cycle 

Noles: 

X: "H"or"L" 
"1: II is impossible in Nibble Mode. 
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Fig. 3-1 RAe va.lflAo 

I RAe (ns) 110 

100 

90 

80 

70 

60 

,.. I • 20 40 50 60 70 

I RAO (ns) 

Valid Ves "1 t RCS::t t RCS (min) 

Valid Valid High-Z Ves "1 t wcs::t t wcs(min) 

X-+ Ves Valid Valid VaUd "1 t cwo ::t t cwo (min) 

High-Z Ves 

High-Z Ves t CSR::t t CSR (min) 

Valid Ves Previous data is 
kepI 



RAS 

CAS 
V1H -

V1L -

AOIOAg 
V1H -

V1L -

WE 
V1H -

V1L -

DOUT 
VOH -
VOL _ 

DESCRIPTION 

FIg. 4 - READ CYCLE 

lAC 

IRAS 

ICSH 

lASH 

I CAS 

1_ 

~ ____________ ~I·_ ... ·M ___ I_~ __ =====:~ 
I Ir--~ 

-------HIGH-Z....;.-------ct: .... AI 

~ION 

MBS1 C1 001 A-SO 
MBS1C1001A-70 
MBS1 C1 001 A-SO 
MBS1C1001A-10 

~ InvalldDala 

The read cycle is execuled by keeping both RAS and~ "L" and keeping WE "H"throughoutthe cycle. Therow and column addresses are 
Iatchedwilh RAS and CAS, respectively. The data outpul remains valid wilh CAS "L·, ie., il CAS goes "H· , the data becomes invalid after IOH 
is satisfied. The access time is determined by RAS (IRAC), CAS (ICAC), or Column address input (1M). II IRCD (RAS 10 CAS delay lime~s 
greater than the specificalion, the access time is 1M. 
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MB81 C1 001 A-60 
MB81C1001A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

RAS 
VIH _ 

vlL _ 

CAS VIH -

VIL -

Aoto\ 
VIH -

VIL -

WE 

DIN 
VIH -

VIL -

Dour 
VOH -

VOL -

DESCRIPTION 

Fig, 5 - WRITE CYCLE ( Early Write) 

lAC 

IRAS 

ICSH 
IRSH 

I CAS 

I HAL 

VALID 
DATA IN 

HIGH-Z 

III "H"or"l' 

The write cycle is executed by Ihe same manner as read cycle excepl for the state of We and DIN pins. The data on DIN pin Illatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, !AWL and IRAL musl be satisfied with the 
speciftcations. 
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RAS 

WE 

DIN 

VIH
VII.-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

DoUT VOH-

VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

ION 

The read-modify-write cycle is executed by changing We from "W to "l" efter the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 

MB81 C1 001 A-SO 
MB81C1001A-70 
MB81C1001A-80 
MB81C1001A-10 

~ Invalid Data 
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MB81 C1 001 A-50 
MB81 C1 001 A-70 
MB81 C1OO1 A-80 
MB81 C1OO1 A-10 

RAS 

CAS 

A IDA o • 

WE 

VH -

v .. -

Fig. 7 - NIBBLE MODE READ CYCLE 

~~--------------------tMS------------------~ 

VOl. _ - HIGH-Z --+-cr..

• "H" ...... 
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DIN 
V IH -

V IL -

Dour VOH -

VOL -

Fig" 8 - NIBBLE MODE WRITE CYCLE (Early Write) 

MB81 C1 001 A-GO 
MB81 C1001 A-70 
MB81C1001A-80 
MB81C1001A-10 

--------------------------HIGH~----------------------------

• "H"ar"L" 
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MB81 C1 001 A-60 
MB81C1oo1A-70 
MB81 C1001 A-SO 
MB81 C1 001 A-10 

VIH
RAS VIL-

Fig" 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE 

VIH_ -';-":"::""'-ooft. 

2-152 

CAS 
VIL-

VIH_._w-~~LW~~-i 
AotoAB 

VIL-

WE VIH-
VIL-

DIN VIH
VIL-

Dour VOH-
v~-~------(~/~~~I,~ ___ ~r 

• "WOf"L" 

~_o.a 



Ao toAs 

Fig. 10 - RA§..oNLY REFRESH CYCLE 
NOTE: A9, WE, DIN = .. H .. or .. L .. 

MB81 C1 001 A-60 
MB81 C1001 A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

V1H -- ------------~~--------------------------~~-------------------VI. -- ______ ~ 

Dour VOH -- ========~~~ ______________ __ VOL -- ________________ 3r 

DESCRIPTION 

Refresh of RAM memory cells is accomplished by perfonning a read, a write, or a read-modify-write cycIeat each of 512 row addresses every 
8.2-miUisaconcls. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is perfonnad by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshad is latched on the 
falling edge of"RA!!. During "RA!I-only refresh, DoUT pin is kept in a high·impadance state. 

Fig. 11 - fA§:...BEFORE-RAS REFRESH CYCLE 
NOTE: AOto A9, WE; DIN =" H" or" L" 

~--------------~c--------------~ 
_----~:i. 1ooI---1RAS ----.I Jr.-----s... 

DoUT ~OH --==~==~~------------------------- HIGH-Z:----------------------OL -- ________ 01'1 

DESCRIPTION 

CAS-before-RAS refresh is an on~ refresh capability that eliminates the need for extemal refresh addresses. liCAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-dlip refresh control clock generators and refresh address counter are enabled. An 
intemal refresh operation automatically occurs and the refresh address counter is intemally incremented in preparation for the next 
m-before-"RA!! refresh operation. . 
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MB81 C1 001 A-50 
MB81 C1OO1 A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

RAS 
VIH-

VIL-

CAS 
VIH-

VIL-

AotoAs 
VIH-

VIl-

WE VIH-

(Read) VIL-

WE 
VIH-

(ReadIWrite VIL-
Cycle) 

DIN 
VIH-

VIL-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

BI·w",.L· 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time o~ and cycling 
Rim. The refresh raw address is provi~ the o"::!!!p refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-belore-RAS refresh capability. 
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RAs' VIH_ 
VIL -

CAS VIH-
VIL -

Fig" 13 - CA"S-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

MB81 C1 001 A-SO 
MB81C1001A-70 
MB81C1001A-BO 
MB81 C1001 A-10 

AD 10 As 
V IH _ 

V IL -

(~d) ~:~= 

Dour VOH -
VOL _ 

(~~te) VIH-V IL _ 

DIN 
VIH-

VIL-

DESCRIPTION 
...•. '" :: ".! "H".,"L" 

~cial timl!!i.. sequence using the CAS-~RAS ,!!!:!!,h counter test ~ prol/ides a convenient method to verify ~nctionality of 
CAS-before-RAS refresh circuitry. If, after a CA9-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as foRows: 

Row Address: Bits AO through A9 are defined by the on-dlip refresh counter. The bit A9 is set high internally. 
Column Address: BHs AO through A9 are defined by latching levels on AO-A9 at the second falNng edge of ~. 

The CAS-before-RAS Counter Test procedure is as follows ; 
1) Initialize the internal refresh address counter by using 8 CAS-before-FiAS'refresh cycles. 
2) Use the same column address throughout the test. 
3) Write "0· to all 512 row addresses at the same column address by using normal write cycles. 
4) Read "0· written in procedure 3) and check; simultaneously write "1" to the same addresses by using CAS-before-RAS refresh 

counter test (read-modify-write cycles). Repeetthis procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 memory locations. 
6) Complement test pattem and repeat procedures 3), 4), and 5). 
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MB81 C1OO1 A-60 
MB81 C1 001 A-70 
MB81 C1 001 A-SO 
MB81 C1 001 A-10 

PACKAGE DIMENSIONS 
Sufflx:-P 

.050(1.27) 

MAX 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE NO.: DIP-18P-M04) 

.197(5.00) MAX 

.125(3.18) MIN 

.020(0.51) MIN 

© 1988 FUJITSU LIMITED D18015S-4C 

2-156 

Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
Sufflx:-C 

18-LEAD CERAMIC (METAL SEAL) DUAL I~LlNE PACKAGE 
(CASE No.: DIP-18C-A02) 

R.050( 1.27)REF 

" INDEX AREA 

'" 

01S~:gg~ 

(0.46~8:6~) 

~ 
I. 

.100±.010 
12.54±0.25) 

[ 
.9DD±.010 

122.S6 ±0.25) 

.05511.40)MAX 

.S00(20.32)REF 

©1989 FUJITSU LIMITED D18018S-1C 

) 

.2DDI5.0S)MAX 

.032±.015 
(O.Sl ±0.3S) 

MB81 C1 001 A-SO 
MB81C1001A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

Dimensions in 
inches (millimeters). 
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MB81 C1 001 A-50 
MB81 C1OO1 A-70 
MB81 C1 001 A-80 
MB81 C1 001 A-10 

PACKAGE DIMENSIONS (Continued) 
SuHlx:-PJ 

.050±.OO5 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

,. .675±.005 

I ~ (17.15±0.13) 

~nnnn I 

. . 

.140(3.55) MAX. 

.089(2.25) NOM. 

.025(0.64) MIN. 

(1.27± 0.13) 
__ ~ __ ~'~100~(2~54) 

TYP 

)-------- .600(15.24) REF. ;- - D~;;ils -;;1';;":-' ~~t- --i 
I I 
I .032(0.81) I 

MAX : 

"A" I 

r-------------------~.-~-~.,~ I 

6I1t1nrri WVM\P~~ .oM .om.~ i 
U--U~ 004(0.10) I ,(0.43±0.10) , 

NOTE: i.*:This dirnension includes resin prQtrusionlEaC:~ side:~006((ff5JMAX) 

© 1990 FUJITSU LIMITED C26D54HC 
2.Although this package has 20 leads only. its pin positions are the same as that 

that of 26-lead package. 
3.Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
Sufflx:-PS 

2O-LEAD PLASTIC ZIGZAG-IN-LiNE PACKAGE 
(CASE No.: ZIP-20P-M02) 

I 

I 
INDEX 0 .335±. d (S.50±0 

~nffi~~~~~~~ 

010 
.25) 

.010±.002 
(0.25±0.05) 

.050(1.27) .020±.004 
TYP (0.50±0.10) 

LEAD NO.1wYw~ 

(BOTTOM :EWl\ 
© 19a9 FUJITSU LIMITED Z20002S-4C 

MB81 C1 001 A-60 
MB81C1001A-70 
MB81 C1 001 A-80 
MB81C1001A-10 

112±00S 
(2.S5±0.20) 

.3S71.013 
(9.83±0.33) 

~~r-~ 
.118(3.00) MI N 

'------.1 
.100(2.54) TYP 

ROW SPACE 

Dimensions in 

inches (millimeters) 
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MB81C1001 A-60 
MB81 C1001 A-70 
MB81 C1 001 A-SO 
MB81 C1 001 A-10 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTN 

~ 

o 

J 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 

INDEX 

.630±.008 
(16.00±0.20) 

.567±.008 
(14.40±0.20) 

Y~I .004(0.10) 

.591 ±.008 
(15.00±0.20) 

J .006±.002 

r----------------l 
I Details of "A" part I 
I I 
I .006(0.15) I 
I MAX I 

! }p~ .01~1~35) i 
I I 
I I 
I I 
I I I .006(0.15) .010(0.25) _ I 
L _______________ ~ 

.236±.008 
(6.00±0.20) 

.217(5.50) .t+ .. 'HO.~' 
I .0197 (0.50) 

TYP 

~~~~=l=t .047 (1.20) MAX 'If (SEATED HEIGHT) 

.020±.004 
(0.50±0.10) 

0(0) MIN 
(STAND OFF) 

.OO8±.004 -$ 
(0.20±0.10) 

© 1990 FUJITSU LIMITED F2402oS-2C 
Dimensions in 
inches (millimeters) 
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MB81 C1 001 A·SO 
MB81 C1 001 A·70 
MB81 C1 001 A·SO 
MB81 C1001 A·10 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTR 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 

r----------------l 
I Details of "A" part I 
I I 
I .006(0.15) I 

LEAD No. CD. I MAX 

i ~"~"'. 
,~================~ 

~ 
INDEX 

® 0 
@ 

.591±. 008 
(15.00±0.20) 

d~1 .004(0.10) 

~t 
.567±.008 

(14.40±0.20) 

.630±.OO8 
+ 

© 1990 FUJITSU LIMITED F24021S-2C 

o 
I 2 I 
I I 
I I I .00610.15) .010(0.25) I 
L _______________ ~ 

020 004 ±. 
(O.50±0.10) 

I Ii''";:'' r 
I .OO6±.002 

0(0) MIN 
(STAND OFF) 

AI!~~~W:l.047 (1.20) MAX 
!IF ISEATED HEIGHT) 

• (0.15±0.O5) 

.236±.008 
16.00±0.20) 

Dimensions in 
inches (millimeters) 
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November 1990 
Edition 2.0 

DATA SHEET 

MB81 C1 001 A-70U-BOU-10L 

cP 
FUJITSU 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 

CMOS 1 M X 1 Bit Nibble Mode DRAM 
The Fujitsu MB81C1001A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 b~. The MB81C1001A has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fuj~su's advanced three-dimensional stacked capacoor cell technology gives the 
MB81C1001A high a-ray soft error immun~. CMOS technology is used in the 
peripheral circu~s to provide low power dissipation and high speed operation. 

Features 

• 1,048,576 words x 1 b~ 
organization 

• Silicon gate, CMOS, 3D--Stacked 
Capacnor Cell 

o All input and output are TIL 
compatible 

• 512 refresh cycles every 8.2 ms 

• Common 110 capability by using 
early write 

• ~ only, ~-before-~, or 
Hidden Refresh 

• Fast Page Mode, Read-Modffy-Write 
capabil~y 

o On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be resbicted to Ihe conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

CopyrIght © 1990 by FUJITSU LIMrrEO and FLjItsu MlcnJeloclronlca. Inc. 

DIP-18P-M04 

DIP-18C-A02 

LCC-26P--M04 

Z1P--20P-M02 

FPT-24P-M041 FPT-24P-MOS 

ThIa _ c:ontaIns c1IQ1Mry to _ the InpuIS ag .... l 
damago duo 1. high Slallcvolagos or a1l1C1ric 1Io1ds. However. M 
II odvIoed lhat normal proc:au1lons be 1akon to avoid appllc:allon 
~~!\hat!han ,"""inum rated ..,Mages to .hls high 
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MB81 C1 001 A-70L 
MB81 C1 001 A-80L 
MB81 C1001 A-10L 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

Fig. 1 - MB81C1001A DYNAMIC RAM - BLOCK DIAGRAM 

CAPACITANCE (TA=25°C,f=1MHz) 
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MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

PIN ASSIGNMENTS AND DESCRIPTIONS 

18-Pln DIP: 
(TOP VIEW) 

DIN Vss DIN 

WE DOUT 
WE 

iiAS 
RAS CAS TE 

: 1 

2 

: 3 

4 
TE AS NC. I 6 

M AS 

A1 A7 

/02 AS Ao 

A3 A. 
A1 

A2 

Vee M A3 

~ 
9 

10 

~ 
11 

12 

Vee 13 

26-P1n SOJ: 
(TOP VIEW) 

26 

25 
24 

23 
22 

18 

17 

18 

1. 

14 

Vss 

DOUT 

CAs 
NC. 

A9 

NC. 

'W 
lin 

TE 

24-P1n FPT: 
(TOP VIEW) 

<Normal Bend : FPT -24P-M04> 

<Reverse Bend : FPT -24P-M05> 

2O-PInZIP: 
(TOP VIEW) 

CAS Vss WE TE NC. A1 A3 A4 A6 AS 

2.. 41 I 61. 8-. 10 •• 1 • 14_. 16t I lS •• 201 I nUnUnUnUnunUnUnUnUn 
1" 3 1 • 51. 7" 9 1 ' 11" 13" 15' I 17' I 19 1 • 

A9 Dour DIN RAS NC. AO A2 Vee A 5 A 7 

AS 
A7 
AS 
A. 
M 

Vee 
A3 
A2 
A1 
AD 

AD 
A1 
A2 
A3 
Vee 

M 
A. 
A6 
A7 
AS 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage [2J V 

[2J o °c to +70 °c 
Input High Voltage, all inputs VIH 2.4 6.5 V 

Input Low Voltage, all inputs [2J VIL -2.0 0.8 V 
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MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1,048,576 cell addresses in the memory malrix. Since only IIIn address bits are available, the 
column and row inputs are saparelllly strobed by e1i!f and rom as shown in Figure 1. First, nine row address bits are input on pins AO-through-A9 
and latched with the row address strobe (rots ) then, ten column address bits are input and latched with the column address strobe(~ ). Both row 
and column addresses must be stable on or before the falling edge of~ and rom , respectively. The address latches are of the flow-through type; 

thus, address information appearing after IRAH (min)+ tr is automatically treated as the column eddress. 

WRITE ENABLE 

The read orwrilll mode is delllrmined by the logic state of WE. When WE is active Low, awrilll cycle is initialed; when WE is High, a read cycle is 
selecllld. During the read mode, input data is ignored. 

DATA INPUT 

Data is written Into the MB81 C 1 001 A during wrilll or read-modily-wrilll cycle. The inputdate isstrobed and latched by the later falling edge o~ or 
"WE. In an early write cycle, data input is strobed by~ , and set up and hold times are referenced to ~ . In a delayed write or read-modify-write 
cycle, "WE is set low after ~. Thus, date input is strobed by "WE, end set up end hold times are refarenced to "WE. 

DATA OUTPUT 

The thllllHltalll buffars are TIL compatible with a fanout of two TIL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedence stelll untilthe column address strobe goes Low. When a read or read-modify-write cycle is execullld, valid outputs are 
obtained under the following conditions: 

lRAC: 

ICAC: 

IAA : 

2-166 

from the falling edge of"rots when tACO (max) is satisfied. 

from the falling edge of~ when tACD is grealllr than IReD, tRAD (max). 

from column address input when IRAD is grealllr then IRAD (max). 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) I'lL) OV S VIN S 5.5V; 
4.5V S VCC S 5.5V; 
VS5=OV;AII other pins 
not under test =lJV 

OulpUlleakage current lOlL) 
OV S VOUT S 5.5V; 
Data out disabled 

MB81C1001A-70L 
Operating current 
(Awrage power [!] ICCl 

liAS & CAS cycling; 

supply current) 2 tRc=min 

Standby current TTL 191191 RAS=CAS=VIH 
(Power supply ICC 2 

current) CMOS level RAS=CAS ~ VCC-O.2V 

MB81C1001A-70L 
Refresh current 

CA"S=VIH, RAs 
'1 (Average power MB81C1001A-80L 1CC3 
supply current) [!] cycling; tRC= min 

Nibble Mode RAS = VIL, CAS 
cunent [!] cycling; tNC = min 

Refresh current liAS cycling ; 

'2 (Average power CJ\S-.before-RAS; 
supply current) [!] 

Battery Back up 
current 
(Average power 
supply current) 

Notes 3 

-10 

-10 

MB81C1 001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 

10 

J.LA 

10 

68 

mA 

1.0 
mA 

0.25 

68 

62 mA 

55 

mA 

43 

62 mA 

54 

250 
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MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

AC CHARACTERISTICS 
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MB81 C1 001 A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

t CSR 0 

tCHR 10 

INc 40 

tNRWC 60 

!9.1S! t NPA 

t NCP 10 

Nol.: 
1. Referenced to VSS 
2. Icc depends on the outpUI Ioed conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number of address change as "RltS = VIL and 
~=VIH. 
ICCI. Ices and Ices are specified at three time of address change 
during "RltS ~ VIL and ~ _ VIH. 
lcc4is specified alone timeof address change during "RltS = VIL 
and ~=VIH. 

3. An Initial pause (Rlm =~ =VIH) of 2OOJ!S is required after 
power-ilp followed by any eight"RltS ~Iy cycles before proper 
device operation is achieved. In case of using internal refresh 
counter. a minimum of eight ~ -before-"RltS initialization 
cycles instead of 8"RltS cycles are required. 

4. AC characteristics assume IT = 5ns. 
5. V IH (min) and V IL (max) are reference levels for measuring 

timing of input signals. Also transition times are measured 
between VIH (min) and VIL (max). 

6. Assumes that IRcoS tRCD (max). tRADS lRAD (max). If IRCD is 
greater than the maximum recommended value shown in this 
table. tRAe will be increased by the amount that IReD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCD~tRCD (max).IRAD~tRAD (max),andlAsc~1AA -1CAC
IT, access time is ICAc . 

8. IftRAD ~ lRAD (max) and IAsc S 1M -ICAC - IT, access time is 

1M. 
9. Measured with a load equivalent to two m loads and 100 pF. 

10. toFF and toez is specified thai outpul buffer change to high 
impedance stete. 

0 0 ns 

12 15 ns 

40 45 ns 

60 70 ns 

35 35 40 ns 

10 10 ns 

11. Operation within the IReD (max) limit ensures that IRAC (max) 
can be mat. IRCD (max) is specified as a reference point only; if 
tReo is greater than the specified !Reo (max) limit, access time is 
controlled exclusively by ICAc or t M . 

12. tReo (min) = tRAH (min)+ 21T + lAse (min). 
13. Operation within the IRAo (max) 6mitensures thattRAe (max) 

can be met lRAD (max) is specified as a reference point only; if 
lRAD is greater than the specified IRAo (max) limit, access time is 
controlled exclusively by ICAc or 1M. 

14. Either IRRH or tRCH must be satisfied for a read cycle. 
15. t wcs , t cwo , I,RWD and IAwo are nol a restrictive operating 

parameter. They are included in the date sheet as an electrical 
characteristic ~Iy. If twos > I wcs (min). the cycle is an early 
write cycle and OOUI pin will maintein high impedance stete 
thoughout tha entire cycle. If t cwo > I cwo (min), I RWD > I 
RWD (min) , and I AWD > I AWD (min), the cycle is a read 
modify-write cycle and date from the selected cell will apper at 
the Oout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid date will appear the Oout 
pin , and write operation can be exacted by satisfying "WL ,I 
CWL ,and tRAL specifications. 

16 tNPA is access time from the selection of a n_ column address 
(that is caused by changing ~ from "L" to OW). Therefore, if 

tNCP is long, I NPA is longer than INPA (max). 
17. Assumes that ~-before- "RltS refresh, ~-before-"RltS 

refresh counter tesl cycle only. 
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MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

I RAe (ns) 160 

140 

120 

100 

80 

60 

Fig. 2 - t RAe va. \lco 

I 
I I 

dl 
20 40 60 80 100 120 

t ReD (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid 

L L L Valid 

L L H-+L Valid 

L H X Valid 

L L X 

Hidden Refresh 
H-+L L X Cycle 

Noles: 
X: "H" or"L" 
·1: II is impossible in Nibble Mode. 
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. Fig. 3";tRAe vS.'ruIo 

I RAe (ns) 110 

100 
lOOns version / 

I 
I 

90 / 
80 

70ns version I 
70 I 

I 
60 I 

',-; I I I • 20 30 40 50 60 70 

I RAD (ns) 

Valid Yes 
., t RCS It t RCS (min) 

Valid Yes ·1 t wcslt t wcs(min) 

Valid Valid Yes ., t cwo It t cwo (min) 

Yes 

High-Z Yes tCSRlt tCSR (min) 

Valid Yes Previous data is 
kepI 



RAS 
V1H -

V1l -

CAS 
V1H -

V1l -

AOIoAg 
VIH -

VIl -

WE 
V1H -

VIl -

DouT 
VOH -
VOl _ 

DESCRIPTION 

Fig. 4 - READ CYCLE 

tAC 

t RAS 

tCSH -I 
t RSH 

t CRP 

tCAS 

t_ 

I 
-------HIGH-Z----------OV:-'#II 

~tON 

tRP 

MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

1%1111 ~. or "I.. 

r&l,nva'~~ 

The read cycle is executed by keeping both RAS and~ "L" and keeping We "H"thraughout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectill8ly. The data output remains valid wilh CAS "L", ie., if CAS goes "W ,the data becomes invalid after tOH 
is satisfied. The access lime is determined by RAS (IRAC), CAS (ICAC), or Column address inpul (IAA). If IRCD (RAS to CAS delay lime~s 
greater than the specificalion, the access time is IAA. 
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MB81C1001 A·70L 
MB81 C1001 A-80L 
MB81C1001A·10L 

RAS 

CAS 

AotoA, 

WE 

DIN 

o OUT 

VIH -

VIl -

V/H-

VIL -

VIH -

VIl -

V -III 

VII. 

VIH -

V -IL 

VQH_ 

VOl -

DESCRIPTION 

Fig. 5 - WRITE CYCLE ( Early WrHe ) 

tRe 

tRAS 

tCSH t RP tRSH 

tCAS 

VALID 
DATA IN 

HIGH-Z 

The wrile cycle is executed by the same manner as read cycle except for the stete of WE and DIN pins. The date on DIN pin inlched with the 
later faDing edge of CAS or WE and written into memory. In aMIIIon, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 

2·172 



AotoAa 

WE 

DIN 

VIH

VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

DouT VOH-

Va.-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

~-----------------------I~ 

MB81C1 001 A-70L 
MB81 C1 001 A-80L 
MB81 C1 001 A-1 OL 

~~~J Inv.ld DoJa 

The read-modily·write cycle is exec:uted by changing WE from "H" to "L" alter the data appears on the DOUT pin. 
After the currenl data is read ou~ modified data can be rewritten into the same address quick/yo 

11 
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MB81C1001A-70L 
MB81C1001 A-80L 
MB81C1001A-10L 

RAS 

CAS 

A lOA o 9 

WE 

Dour 
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Fig. 7 - NIBBLE MODE READ CYCLE 

1,1 ~'or1-' 

~ Invalid Data 



CAS 

DIN 

DouT 

V IH -

V -It. 

V IH -

V -It. 

V OH -
VOL _ 

Fig. 8 - NIBBLE MODE WRITE CYCLE (Early Write) 

MB81C1001A·70l 
MB81C1001A·80l 
MB81C1001A·10l 

---------------------------HIGH-Z-----------------------------
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MB81 C1 001 A·70L 
MB81C1001A-80L 
MB81C1001A·10L 

Fig. 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE 

VH
RAS VII.-

~ ___________________ mM __________________ ~ 

VH_ --Ir-~~-_ft. 
CAS VIl-

VH_ .. _It-...;.-"!ILIr-..... ;....-i. 
MIGAD 

VL-

DIN VH-
VIl-
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As to As 

V'H
vll -

V'H
V'L -

FIg" 10 - ~NLY REFRESH CYCLE 
NOTE: A9, WE, DIN = " H .. or .. L .. 

MB81 C1 001 A-70L 
MB81 C1 001 A-80L 
MB81 C1 001 A-1 OL 

VH - ----------~~--------------------------~~------------------
V'L -

Dour VOH - ------------------8Ei------------------VOL - _________________ " 

DESCRIPTION 
l;iHm "H"or"L" 

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycleat each of 512 raN addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-<>nly refresh, CAs-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
faDing edge of"RAS. During "RAS-only refresh, Dour pin is kept in a high-impedance state. 

FIg" 11 - ~BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = " H .. or .. L .. 

~--------------tRC--------------~ _------------"!!tI... 14------- tAAS -------t ...I.t!o----------"!!tI... 

Dour ~OH ----------+iIII----------------------- HIGH-Z--------------------
OL - -------...:II' 

DESCRIPTION 

CAS-before-AAS refresh is an o~ refresh capability that eliminates the need for extemal refresh addresses. If"CAS is held Low for the 
specified setup time (IeSR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address oounter is internally incremented in preparation for the next 
m..before-~ refresh operation. 
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MB81 C1 001 A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

VIH-
RAS 

VIL-

CAS 
VIH-

VIL-

AotoAs 
VIH-

VIL-

WE VIH-

(Read) VIL-

DouT 

WE 
VIH-

(ReadIWrite VIL-
Cycle) 

0111 
VIH-

VIL-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time ofm and cycling 
Itlm. The refresh raw address is provi~ the o~ refresh address counter. This eliminatesthe need for the extemal row address that is 
required by DRAMs thllt do not have CAS-before-RAS refresh capability. 
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RAS 
V 1H _ 

VIL -

CAS V 1H -
VIL-

MB81C1001A-70L 
MB81C1001A-80L 
MB81 C1 001 A-1 OL 

Fig. 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

ADIOAa 
VIH _ 

VIL -

(~) ~r= 

DouT VOH -
VOL _ 

(~J'te) VIH-
VIL_ 

V 1H _ 

DIN 
V IL -

DESCRIPllON 
• ·W ... ·L· 

~cial tim~sequence using the CAs-~RiiS r~h counter test ~ provides a conwnient method 10 verify ~nctionaIity of 
CAS-before-RAS refresh circuitry. If, after a CAB-before-RAS refresh cycle. CAS makes a transition from High 10 lowwhile RAS is held low, 
read and write operations are anabled as shown above. Rowand column addresses are definad as foHows: 

Row Address: Bits AO through A9 are defined by the on-chip refresh counter. The b~ A9 is set high internaRy. 
Column Address: Bits AO through A9 are delined by latching levels on AO-A9 at the second falling edge of ~. 

The CA§..bafore-rotS Counter Test procedure is as follows; 
1) Initialize the intemal refresh address counter by using 8 CitS-bafore:mt§ refresh cycles. 
2) Use the same column address throughout the test. 
3) Write "0"10 all 512 row addresses at the same column address by using normal write cycles. 
4) Read -0" written in procedure 3) and check; simultaneously write "1"10 the same addresses by using CitS-bafora-RAS refresh 

counter mst (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 memory locations. 
6) Complement mst pattem and repeat procedures 3), 4), and 5). 

Note. Assumes that 'CAB-Oefore-RAS refresh counter test cycle only. 
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MB81 C1001 A·70L 
MB81 C1001 A-80L 
MB81C1001A·10L 

PACKAGE DIMENSIONS 
SuHlx:-P 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE No.: DIP-18P-M04) 

r- 868+.008(22 05+0.20)~ I", ,...." -.012 . -0.30 .n. ,.,,1 

162) 
yp 

I 

---

-- -~ 

.010~:~J 

.050(1.27) 

MAX 

© 1988 FUJITSU LIMITED 018015S-4C 

2·180 

.197(5.00) MAX 

.125(3.18) MIN 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
Sufflx:-C 

MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81 C1 001 A-1 OL 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A02) 

R.050( 1.27)REF 

'" INDEX AREA 

'" 

.018~:gg~ 

(0.46~g:~~) 

~ 
I. 

.100±.010 
(2.54±0.2S) 

[ 
.900±.010 

(22.86±0.25) 
.055(1.40)MAX 

.800(20.32)REF 

© 1989 FUJITSU LIMITED D18018S-1C 

J 
.200(S.08)MAX 

.032±.015 
(0.81 ±0.38) 

Dimensions in 
inches (millimetersj. 
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MB81C1001 A-70L 
MB81C1001 A-80L 
MB81C1001A-10L 

PACKAGE DIMENSIONS (Continued) 
Sufflx:-PJ 

LEAD No.' 

2tH.EAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LC~26P-M04) 

II! .675±.OO5 
(17.15±0.13) 

. . 

.140(3.55) MAX. 

.089(2.25) NOM. 

.025(0.64) MIN. 

~r-__ ~'1_0~0~(2~54) 
TVP 

1-------.600(15.24) REF. ;- --~II. ~f'~-;' ;"-;t---l 
I 

.032(0.81) I 
MAX I 

~ ~. i ~~2.50) NOM. 

t, .: I I .017±.004 
0;.004(0.10)/" I •• (0.43±0.10) ! 

NOTE: 1. "': This dimension includes resin proirusionleach sicle::ooeiQT5)MAX) 
2.Although this package has 20 leads only. its pin positions are the same as that 

© 1990 fUJITSU LIMITED C2&054S-1C that of 26-lead package. 
3.Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
SuffIx: -PSZ 

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M02) 

~' 019+.008(2588+0.20)-----11 I..r==· -.012 . -0.30 

I 
010 
.25) 

INDEX 0 .335±. d (8.SO±0 

~nffi~nrn~rnmrrm~~ 

.OSO(1.27) 
TYP 

.020±.004 
(0.SO±0.10) 

~ 
LEADNO'~ 

(80TTOM~ 

© 1989 FUJITSU LIMITED Z20002S-4C 

.010±.002 
(0.2S±0.OS) 

MB81C1001A-70L 
MB81 C1 001 A-80L 
MB81C1001A-10L 

112± 008 
(2.8S±0.20) 

1 
.387±.013 
(9.83±0.33) 

f~~--~ 
.118(3.00) MI N 

------.1 
.100(2.54) TYP 

(ROW SPACE) 

Dimensions in 
inches (millimeters) 
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Me81 C1001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTN 

~ 
INDEX 

o 

.630±.008 
(16.00±0.20) 

J- .567±.008 
(14.40± 0.20) 

-

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT -24P-M04) 

i----;;:;;;I;-;::;.=-;;----l 
I I 
II .006 (O.IS) II 

MAX 

I Jp# I I .014 (0.3S) I 
I MAX I 
I I 
I I 
I I 
I I I .006 (O.IS) .01 0 (0.2S) _ I 
L _______________ ~ 

.236±.008 

J 
.006±.OO2 

\; ~iiie~mt::j:t .047 (1.20) MAX 
, (SEATED HEIGHT) 

1+10.I5±0.05) 

-Y:;I .004(0.10) I .0197 (0.50) 
TYP 

.591 ±.008 .020±.004 
(15.00±0.20) (0.50±0.10) 

O(O} MIN 
(STAND OFF) 

.008±.004 -$-
(0.20±0.10) 

© 1990 FUJITSU LIMITED F24020S-2C 
Dimensions in 
inches (miHimeters) 
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PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTR 

MB81 C1 001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 

LEAD No. CD. 
,~================~. 

~ 
INDEX 

o 
® 0 

591 ±.008 
(15.00±0.20) 

.630±.OOB 
(16.00±O.20) 

©199D FUJITSU LIMITED F24D21S-2C 

020±.D04 
(0.50±0.10) 

r----------------l 
I Details of "A" part I 
I I 
I .006 (0.151 I 
I MAX I 

i ]Ptl'0'~i~35): 
I I 
I I 
I I 
I I I .006 (0.15) .010(0.25) I 
L _______________ ~ 

.008±.004 -$-
(O.20± 0.1 0) 

.236±.00B 
(6.00±O.20) 

.047 (1.20) MAX 
(SEATED HEIGHT) 

Dimensions in 
inches (millimeters) 
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March 1990 
Edition 2.2 

DATA SHEET 

MB81 C4256-701-BOI-1 01-12 

cP 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 256 x 4 Bits Fast Page Mode DRAM 
The Fujftsu MB81C4256 is a CMOS, fully decoded dynamic RAM organized as 
262,144 words x 4 bits. The MB81 C4256 hasbeendesignedformainframe memories, 
buffer memories, and video image memories requiring high speed and high bandwidth 
output with low power dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MB81C4256 high a-ray soft error immunfty. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

This specificalion applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

• 262,144wordsx4bits 
organization 

• Silicon gale, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 8.2 ms 
• Early write or UE controlled 

write capability 

• rom- only, ~-before·~, or 
Hidden Refresh 

• Fast Page Mode, Read·ModIfy-Write 
capabilfty 

• On-chip substrale bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Permanent device damage may occur if absolute maximum ratings ere exceeded. 
Funclional operation should be restrictsd 10 1he conditions as detailed in the operation 
sections of this data sheet Exposure 10 absolute maximum rating conditions for ex
tended periods may afleet device reliability. 

~© 1I19ObyFWITSULlYITED...,FI4"""YIcIooIocI ... Ico,Inc. 

DIP-20P-M03 

DIP-20C-A03 

LCC-26P-M04 

ZIP-20P-M02 

ThIs _ contains cIraIltry to prol8Ct 1he Inpula aga/naI _due to high stallcvollages or oIoc:t,lctIoIds. H_ •• 
10 advlaod lhal normal_Ions be -. to avoid "",,1IeaI1 ... 

=~:::~::lher than maxI..,m raI8d vollagao 10 1hIo high 
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MB81C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

FIg. 1 - MB81C4256 DYNAMIC RAM - BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Input Capacitance, AO 10 AS 

Input Capacitance, RAs,CAs, WE, OE C 1N2 

InputlOutput Capacitance, DOl to D04 Coa 
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PIN ASSIGNMENTS AND DESCRIPTIONS 

001 

002 

WE 

RAS 

NC. 

AO 

AI 

A2 

Aa 

2O-Pln DIP: 
(TOP VIEW) 

VSS 

D04 

DQ3 

CAS 
oe 
A I 

A7 

A6 

A 6 

A. 

2O-I'InZIP: 
(TOP VIEW) 

001 

DQ2 

WE 
RAS 

NC. 

AO 

AI 

A2 

A3 

Vee 

: 1 

2 

: a 
• 

I 6 

: 8 
10 

: 11 

12 
[ 13 

26-PlnSOJ: 
(TOP VIEW) 

l!8 
25 

Z4 
23 

22 

18 

17 

16 

16 

14 

CAS D04 001 WE NC. A 1 A 3 A. A 6 AI 
2n 4n 8n an 10" 12"14" 18n 18" 201"'1 

~~n~~n~n¥,n~~¥sn~n~n 
OE DQ3 V SS DQ2 RAS AO A2 Vee AS A7 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage IT! 
Input High Voltage, all inputs IT! VIH 2.4 6.5 

Input Low Voltage, all inputs IT! VIL -2.0 0.8 

Input Low Voltage, DO( OJ IT! VILD -1.0 0.8 

• : Undershoots of up 10 -2.0 volts with a pulse width not exceeding 20ns are aceeptable. 

V 

V 

V 

V 

MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

o "C 10 +70 00 
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MB81C4256-70 
MB81 C4256-80 
MB81 C4256-1 0 
MB81C4256-12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 
Eighteen input bits are required to decode any four of 1,048,576 cenaddresses in the memory matrix. Since only nine address bits are available, the 
column and raN inputs are seperately strobed by ~ and~ as shown in Figure 1. First, nine row address bRs are Input on pins ACHhrough--A8 
and latched with the row address strobe ~ ) then, nine column address bits are input and latched with the column address strobe !Cit! ). Both 
row and column addresses must be stable on or before the falUngedge of'm and'RA!!!, respectively. The address latches are of the fIow....through 

type; thus, address information appearing after tAAH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 
The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 
Input data is written into memory in eitherof three basic ways-an early wriIe cycle, anOE (delayed)write cycle, and a read-modfy-wrilB cycle. The 
falling edge of WE or'm , whichever is later, serves as the input data-latch slrobe. In an early write cycle, the input data (001-004) is slrobed by 

'm and tha setup/hold times are referenced to'm because WE goes Low before'm . In a delayad write or a read-modfy-write cycle, WE 
goes LaN after'm ; thus, input data is slrobed by WE and all setuplhold times are referenced to the wme-enable signal. 

DATA OUTPUT 
The thrae-state buftars are TTLcornpatible with a fanout of two TTL loads. Polarity of the output data is identical to that 01 the input; the outputbuftars 
remain in the high-impedance state until the column address slrobe goes Low. When a read or read-modify-write cycle is executed, valid outputs 
are obtained under the following conditions: 

tRAC : from the falling edge of~ when tACO (max) is satisfied. 

tCAC: 

IAA : 

tOEA: 

from the falling edge of~ when tReo is greater than tACO, IRAO (max). 

from column address input when IRAD is graaler than lRAo (max). 

from the falling edge of Oe when Oe is brought LaN after !RAe , tcAC , or 1M 

The data remains valid until either m or Oe retums to a High logic leval. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) II(L) 

Oulputleakage current I Cl(L) 
OV:S;V~5.5V; 
Data out disabled 

Operating current RAs & CAS cycling; 
(Average Power ICCl tAC = min 
$Upply Current) 

111 
Standby current TTL level 
(Power supply Icc2 
current) CMOS level RAs=CAS ~Vcc -O.2V 

Refresh current #1 ~ = VH. ~ cycling; 
(Average powerl1f Icc3 

tAC = min 
ply current) 2 

Fast Page Mode 
1CC4 

"RAS =VIL. CAS cycling; 
current 111 tpc = min 

Refresh current #2 RAs cycling; 
(Average power sup- Iccs "l5A§..before-mi§; 
ply current) 111 tRe = min 

Notes 3 

-10 

-10 

MB81C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

10 

10 

rnA 

2.0 
rnA 

1.0 

rnA 

rnA 

rnA 
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MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

-
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MB81C4256-70 
MB81 C4256-80 
MB81 C4256-1 0 
MB81C4256-12 

AC CHARACTERISTICS (Continued) 
OD,I:II'lIltlnlC condItions unless otherwIse noted.) Notes 3, 4, 5 

Noles: 
1. Referenced 10 VSS 
2. Icc depends on Ihe outpulload conditions and cycle rates; The 

specified values are obtained wilh the outpul open. 
Icc depends on Ihe number 01 address change as"RAS = Vil and 
~=VIH. 
ICC1, Icc3 and Icc5 are specified althree time 01 address change 
during "RAS = Vil and ~ = VIH. 
1CC4 is specified alone lime 01 address change during "RAS = Vil 
and ~=VIH. 

3. An Initial pause ("Rim =~ =VIH) 01 200J.l.S is required after 
power-tJp lollowed by any eight "Rim -ilnly cycles before proper 
device operation is achieved. In case 01 using internal refresh 
counter, a minimum 01 eight~--belore-~ initialization 
cycles instead 01 8 ~ cycles are required. 

4. AC characteristics assume tr = Sns 

5. V IH (min) and V Il (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VIH (min) and Vil (max). 

6. Assumes that tRCo~ IRCo (max), tRAo~ tRAO (max). IllRCo is 
greater than the maximum recommended value shown in this 

table, tRAe will be increased by the amount that IReD exceeds 
the value shown. ReIer to Fig. 2 and 3. 

7. Assumes that tACo2: tRCo (max), IRAO 2: tRAO (max). II IAsc 2: 
1M -!cAC - t T , access time is 1cAC. 

8. II tRAO 2: tRAD (max) and IAsc ~ 1M -!cAC -I T , access lime is 

1M. 

• 

9. Measured with a load equivalent to two TIL loads and 100 pF. 

10. IoFF and IoEZ is specified thaI outpul buller change to high 
impedance stale. 

11. Operation wilhin the IACO (max) IimR ensures IhalIRAC (max) 
can be mel. IACo (max) is specified as a reference point only; if 
IRCO is greater than the specified IRCO (max) limit, access time is 
controlled exclusively by IcAC or t M . 

12. IACO (min) = tRAH (min)+ 21T + lAse (min) 

13. Operation within the lRAo (max) limil ensures IhaIIRAC (max) 

can be mel IRAo (max) is specified as a relerence poinl only; if 

IRAo is greater than the specified lRAo (max) IimR, access time is 
controlled exclusively by !cAe or t M . 

14. Either tRRH or tACH must be satisfied lor a read cycle. 

15. twcs is specified as a reference poinl only. If twcs 2: twcs 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes thai twcs < twcs (min) 

17. Either tozc or t02D musl be satisfied. 

18. tePA is access time from the selection of a new column address 
(thai is caused by changing ~ lrom 'L" to "H"). Therefore, il 
!cp is shortened, !cPA is longer than ICPA (max). 

19. Assumes lhat~-before.~ refresh, ~-before-~ 
refresh counter test cycle only. 
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MB81 C4256-70 
MB8tC4256-80 
MB81C4256-10 
MB81C4256-12 

I RAe (ns) 160 

140 

120 

100 

Fig. 2 -I RAe va. \lco 

SOns Version 
80 

70ns Versior I 
60 I I 

L 
I I 

I II II 
20 40 60 100 

1 RCO (ns) 

I • 120 

FUNCTIONAL TRUTH TABLE 

Valid Valid 

Write Cycle 
(Early Write) L Valid Valid 

Read-Modify-
Write Cycle L Valid Valid 

RAS-only 
Refresh Cycle L H X X Valid 

1iA§ Refresh L L X X 
Cycle 

Hidden Refresh L X L 

X; "H"or"L" 
+; II is impossible in Fasl Page Moda 
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Fig. 3 -I RAe va. lRAo 

I RAe (ns) 160 

140 

120 

100 
~ 

SOns Version I 
80 ~ 70ns Version 

I I I 
60 II I I 

II I I 
"1: I III I I I I· I • 20 40 60 SO 100 120 

I RAD (ns) 

Yes * tRCS~tRCS (min) 

Valid High-Z Yes * tWCS2!twcs (min) 

Valid Valid Yes * 

High-Z Yes 

High-Z Yes tCSR.;<twcsR (min) 

Valid Yes data 



MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

Fig. 4 - READ CYCLE 

~--------------------tRC 

~--------------t~ ------------~ 
------~ ~------,I 

RAS 

~--------------t~ ____________ ~ 
--~~--------tR~ --------~ 

CAS 
V1H - r---- t CAS ------I 

VIl -

AotoA. 
VIH -

V1l -

WE 
V1H -

V1l -

DO VOH -

~------~----~I.- tM __ t_~_=:===:: I t RAe Ir--"":'-..t 
(Output) VOl _ 

~tON 
Da VIH -

(Input) V1l _ )------HIGH-Z-~---~---~ 

V1H -

OE 
V1l -

[m@j~:1 -H- or 1.. 

DESCRIPTION 

To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and with WE sat to a High level 
andOE set to a low level, the output is valid once the memory access time has elapsed. The access time is determined by 
RAS(tRAC), CAS(tCAC), DE (tOEA) or column addresses (tAA) under the following conditions: 

If tRCD > IRCD (max), access time = tCAC. 
If tRAD > tRAD (max), access time = tAA. 

If DEis brought Low after tRAC, tCAC, or tAA (which ever occurs later), access time = tOEA. 
However, if either CAS or DE goes High, the output retums to a high-impedance state after tOH is satisfied. 
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MB81 C42S6-70 
MB81 C42S6-80 
MB81 C42S6-1 0 
MB81C4256-12 

RAS 

CAS 

AotoAs 

WE 

DO 
(Input) 

V'H-

V'L -

V'H-

V'L-

Fig, 5 - EARLY WRITE CYCLE ( OE = "H" or "L" ) 

t RAS 

tCSH 

VALID 
DATA IN 

tAC 

t RSH 
-I 

t CAs 

tRAL 

DO VOH -
(Output) VOL _ ---------------HIGH-Z---------------

III 'H' or 'L' 

DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE is a "H" or "L' signal. A write cycle can be imple
mented in either of three ways - early write, OE write (delayed write), or read-modify--write. During all write cycles, timing parame

ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DO pin is latched with 

the falling edge of CAS and written into memory. 
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RAs 
V'H-

VIl -

CAs V'H-

V'l-

AotoAB 
V'H-

V'l-

WE 
V'H-

VIl -

DO V'H-
(Input) V'l-

DO VOH -
(Output) VOl -

DE V'H-

V'l-

DESCRIPTION 

Fig. 6 - OE ( OELA YEO WRITE CYCLE) 

~-----------------------too 

MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

• ~ Invdd Data 

In the OE (delayed write) cycle, tWCS is not satisfied; thus, the data on the DOpins is latched with the falling edge of WE and 
written into memory. The Output Enable (1:51:) signal must be changed from Low to High before ~ goes Low (tOED + tDS). 
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MB81C4256-70 
MB81 C4256~80 
MB81C4256-10 
MB81C4256-12 

V1H -
RAS V1l -

CAS 
V1H -

V1l -

AotoAe 

V1H _ 

VIl -

WE 
V1H -

V1l -

DO V1H -

(Input) V1l -

DO VOH -

(Output) VOl -

OE 
V1H _ 

V1l -

DESCRIPTION 

Fig, 7 - READ-MODIFY-WRITE CYCLE 

~-----------------------tRWC----------------------~~ 

It I 'H' or'l' 

The read-modily-write cy'c1e is executed by changing WE from High to Low after the data appears on the DO pins. In the 
read-modily-write cycle, ~ must be changed from Low to High after the memory access time. 
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DO V 1H -

(Input) V 1L -

DO VOH -

(Output) 
VOL _ 

OE 
V 1H -

V 1L -

DESCRIPTION 

Fig. 8 - FAST PAGE MODE READ CYCLE 

MB81C4256-70 
MB81 C4256-BO 
MB81C4256-10 
MB81C4256-12 

""-or"l-

ISS) """",~, Valid Data 

The fast page mode of operation permits faster successive memory operations at multiple column locations of the same row address. 
This operation is performed by strobing in the row address and maintaining RAS at a Low level and WE" at a High level during all 
successive memory cycles in which the row address is latched. The access time is determined by teAC, IAA, tePA, or tOEA, which
ever one is the latest in occuring. 
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MB81 C4256-70 
MB81 C4256-80 
MB81 C4256-1 0 
MB81C4256·12 

DO V 1H -

(Input) V 1L -

Fig. 9 - FAST PAGE MODE WRITE CYCLE ( OE = "H" or "L" ) 

DQ V OH -

VOL -
-------------HIGH-Z--------------

(Output) 

2·200 

DESCRIPllON 

The fast page mode write cycle is executed in the same manner as the fastpa!l!!..!!!Ode read cycle except the states of WE andOE 
are reversed. Data appearing on the DO.J!i!!s is latched on the falling edge of ~ and written into memory. During the fast page 
mode write cycle, including the delayed (DE) write and reacl-modify-wrile cycles, tCWL must be satisfied. 



V'H-
RAS 

V'L -

CAS 
V'H-

V'L _ 

AotoAe 
V'H-

V'L -

V'H-
WE 

V'L -

DO V'H-

(Input) V'L -

DO VOH -

(Output) VOL -

VIH -
OE 

V'L -

DESCRIPTION 

Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 

MB81C4256·70 
MB81 C4256·80 
MB81C4256·10 
MB81 C4256·12 

1~$.WfI -H- or 1.-

~ 'nvalldData 

The fast pa,9!!..mode OE (delayed) write cycle is executed in the samemannew the fast page mode write cycle except for the states 
of m and DE. Input data on the DO pins are latched on the fa/lin~dge of WE and written into memO/}'. In the fast page mode 
delayed write cycle, ~ must be changed from Low to High before WE goes Low (tOED + tOS). 
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MB81C4256-70 
MB81 C4256-80 
MB81 C4256-1 0 
MB81 C4256-12 

WE 

DO 
(Input) 

DO 
(Output) 

OE 

VOH-

VOL -

V1H -

V1L -

DESCRIPTION 

Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

~tRAD 
----~I~------------------t~ --------------------~j~--~ 

imlllli -H- or -L· 

e~:'J V~Da!a 

During fast page mode of operation, the read-modify-wri18 cycle can be executed by switching WE from High to Low after input 
da18 appaars at the DO pins during a normal cycle. 
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Fig. 12 - RAS-ONL Y REFRESH (WE = OE = "H" or "L") 

MBS1 C4256-70 
MBS1 C4256-S0 
MBS1C4256-10 
MBS1C4256-12 

~------------------ I~ __________________ ~ 

V1H -- ------------~w_------------------------------~-------------------
V1L -- ----------....;If" 

DO VOH -- -----------------~i------------------ _______________________ _ (Outpul) VOl. __ HIGH-Z 

liml·H· or ·L· 

DESCRIPTION 

Refresh of RAM memory cells is accomplished by performing aread, a write, or a read-modily-write cycle at each of 512 row addresses every 
B.2-milliseconds. Three refresh modes are available: ~Iy refresh, CXS-before-1Urn refresh, and hidden refresh. 

RAS-only refresh is performed by keeping rom Low and ~ High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RA§. During I!iAS-only refresh, [)ouT pin is kept in a high-impedanoe state. 

Fig. 13 - CA5-BEFORE-RAS REFRESH ( ADDRESSES =WE = OE = "H" or "L" ) 

DO VOH -- _________ ~~ __ ------------------------- ' _____________________ __ (Output) VOL __ HIGH-Z-

DESCRIPTION 

m"-before-rom refresh is an on-chip refresh capebility that eliminates the need for external refresh addresses. If ~ is held Low for the 
specified setup time (ICSR) before rom goes Low, the orw:hip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
m-before-rom refresh operation. 
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MB81C4256-70 
MB81C4256-80 
MB81 C4256-1 0 
MB81C4256-12 

DESCRIPTION 

Fig. 14 - HIDDEN REFRESH CYCLE 

~-----------IRC----------~~---------

.... ----- ICHR ------~ 

D---~:'----;-----HIGH-Z----""';'-';""-CI 

VAUD DATA OUT 

A hidden refresh cyde may be performed while maintaining the lalesl valid data at the outpul by extending the active time of ~ and cycling 
m. The refresh row address is provided by the olH:hip refresh addresscounler. This eliminates the need for the exlemal row address thaI is 
required by DRAMs Ihal do not have ~before-RltS refresh capability. 
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RAS 

CAS 

AotoAe 

WE 
(Read) 

DO 

(Inpul) 

DO 

(Outpul) 

OE 

V1H -

V1L -

V -IH 

V1L -

V1H -

V1L -

V1H -

V1L -

V1H -

V1L -

V -OH 

V -OL 

fig. 15 - CAS-BEfORE-RAS REfRESH COUNTER TEST CYCLE 

: I RSH 

I CAS 

MB81C4256-70 
MB81C4256-80 
MB81C4256-10 
MB81C4256-12 

IJt@:1 .~ Dr "l" 

f::~:;::~;:,'1 Valet Data 
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MB81C4256-70 
MB81C4256-80 
MB81C4256-10 
MB81C4256-12 

PACKAGE DIMENSIONS 
(Suffix· -P) 

.050(1.27) 

M'AX 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-20P-M03) 

qJ ..... _. 
liP .197(5.00) MAX 

HIHHHHHHH 

! I , U ~ ~ ~ ~ .125(3.18) MIN 

11018+.006 
.100(2.54)' -.002 .020(0.51) MIN 

TYP , (0 45:8:b:) 

©1988 FUJITSU LIMITED D20011S-le 

2-206 

Dimensions in 

inches (millimeters) 



PACKAG:E~~--------
(Suffix: -C) DIMENSIONS ( ---Continued) 

.100 •. 010 
(2.54'0.25) 

© 1988 FUJITSU 

.980t.Ol0 
(24.89'0.25) 

LIMITED D20012S·2C 

:::~ g4256-70 
MB81 C:~56-80 
MB81C42~~~g 

~i mensions in 
,"ch .. (millim.t .... ) 
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MB81C4256-70 
MB81 C4256-80 
MB81 C4256-1 0 
MB81C4256-12 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCCo26P-M04) 

I ·m".~ I (17.15'0.13) : 

iin~ I ~n71 I 
! 0 .300(7.62) .332±.005 .... ··~i'" 

.600115.24)REF 

"A" 

.14013.55)MAX 

.08912.25)NOM 

.025{O.64)MIN 

WWi~---r~,,~, ... 
,01 .Q04(O.~ .017'.004 

2·208 

NOTE: 1. -: This dimension includes resin protrusion. lEach side: .006(O.15)MAX) 

'(O.43±0.10) 
Details of "A" part 

2. Although this package has 20 feadsonlv. its pin positions are the same as that of 26·lead package. 

0'0811 FUJITSU LIMITED C26054S·'C 
Dimensions in 
inches (millimeters) 

',~.;. . . .' 



PACKAGE DIMENSIONS (Continued) 

(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 

I 

I 
INDEX 0 .335±. d IB.50±0 

~~~~~~~~~ 

010 
.251 

f 
.010±.002 
10.25 ± 0.051 

.050(1.271 .020±.004 
TYP 10.50±0.101 

LEADNO.~~ 

(BOTTOM~ 

© 1989 FUJITSU LIMITED Z20002S-4C 

MB81C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81C4256-12 

112±00B 
12.B5±0.201 

j 
.3B7±.013 

19.B3±0.331 

.11B(3.001 MI N 

---.l 
.100(2.541 TYP 

R W SPACE (0 

Dimensions in 

inches (millimeters) 
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February 1990 
Edition 1.0 

DATA SHEET 

MB81 C4256-70U-BOU-10LI-12L 

cO 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 256 X 4 Bits Fast Page Mode DRAM 
The Fuj~su MB81C4256 is a CMOS, fully decoded dynamic RAM organized as 
262,144 words x 4 bits. The MB81 C4256 has been designed for mainframe memories, 
buffer memories, and video image memories requiring high speed and high bandwidth 
output w~h very low power dissipation for battery operated applications. 

Fuj~su's advanced three-dimensional stacked capacitor cell technology gives the 
MB81C4256 high a.-ray soft error immunity and ex1ended refresh time. CMOS 
technology is used in the peripheral circu~s to provide low power dissipation and high 
speed operation. 

This specffication applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 

I •••• ··.··u~:;, .. •· •• ··•••••••••••••· •. ·•· 'RJ!S Access Time 70 ns max. 

Random Cycle Time 140 ns min. 

Address Access Time 43 ns max. 

"C}S Access Time 25 ns max. 

Fast Page Mode Cycle 53 ns min. 
Time 

Low Power Dissipation 
• Operating Current 396mW 

max. 

MB81C4256 
-SOL 

80 nsmax. 

155 ns min. 

45 ns max. 

25ns max. 

55 ns min. 

358mW 
max. 

MB81C4256 MB81C4256 
....... -10L.· · •• ·• .... ~12L.· 

100 ns max. 120 ns max. 

180 ns min. 210ns min. 

50 ns max. 60 ns max. 

25 ns max. 35 ns max. 

SOns min. 70ns min. 

303mW 259mW 
max. max. 

• Standby Currant 8.3 mW max. (TTL level)/l.4 mW max. (CMOS level) 

• 262,144 words x 4 bits 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 
• Early write or'OE controlled 

write capability 

RJffi" only, ~-before-RJffi", or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Wr~e 
capabil~y 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Voltage at any pin relative to V 55 

Voltage of Vee supply relative to Vss Vee 

Power Dissipation PD 

Short Circuit Output Currant 

Storage Temperature I Ceramic TSTG 

I Plastic 

Value 

-1 to +7 

-1 to +7 

1.0 

50 

-55 to +150 

-55 to +125 

Unit 

V 

V 

W 

mA 

°c 

Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to the conditions as detailed in tihe operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Futhou MIcrooIocl"",1co, Inc. 

DIP-20P-JJI03 

DIP-20C-A03 

LCC-26P-M04 

ZIP-20P-M02 

ThiB deYIoe contains circuitry to protect: the Inputs again.,. 
damage due to tNgh static voltages or electric fields. However •• 
Is advised that normaf precautions be taken to avoid applicalioo 
of any voltage higher than maximum rated vo/Iag88 to tl1i811igh 
Ifr4>edanoe <'wh. 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

Fig. 1 - MB81C4256 DYNAMIC RAM - BLOCK DIAGRAM 

AO 

AI 

A2 

A3 

A4 

A5 

AS 

A7 

AS 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Input Capacitance, AO to AS 

Input Capacitance, RAS, CAS, WE, OE 

Input/Output Capacitance, DOl to 0Q4 Coo 
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5 pF 

5 pF 

6 pF 



PIN ASSIGNMENTS AND DESCRIPTIONS 

001 

002 

WE 

RAS 

NC. 

AO 

A, 

A2 

A3 

2O-PInDIP: 
(TOP VIEW) 

VSS 001 

004 
002 

WE 
003 RAS 
CAS NC. 

DE 

AS 

~ 
1 

2 

~ 3 

4 
[ S 

26-PlnSOJ: 
(TOP VIEW) 

28 

25 

2' 
23 

22 

~ 
~ 
~ 

A 7 AO [ 9 1B ~ 

~ A 8 
A, ~ 10 17 

11 16 
AS 

A2 

A3 [ 12 15 J 
A. 

2O-PInZIP: 
(TOP VIEW) 

Vee 
[ 13 

" 

CAS 004 001 WE NC. A1 A3 A4 A6 AB 
2n .n en an 10n 12n 14n t6n tan 2()n 

~~n~~n~n¥,n~~~n~n~n 
Of 003 V SS D02 RAS AO A2 Vee AS A7 

~ 

IISs 
004 

003 

CAs 
DE 

A B 

A 7 

A 6 

A 5 

A. 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 

Input High Voltage, all inputs 

Input Low Voltage, all inputs VIL -2.0 0.8 

Input Low Voltage, DO( oJ VILO -1.0 0.8 

• : Undershoots 01 up to -2.0 volts with a pulse width not exceeding 20n5 are acceptable. 

V 

V 

V 

V 

MB81 C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81C4256-12L 

0°0 to +70 °0 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-10L 
MB81 C4256-12L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 
Eighlaen input bits are required to dacode any four 011,048,576 cell addresses in the memory matrix. Since only nine address bits are available, the 
column and rr:NIlnputs .. separalely strobed by~ and'RitS as shown in Figure 1. First, nine row address bits are input on pins ACHhrough-A8 
and latched with the rowaddress strobe ~ ) then, nine column address bits are input and latched with the column address strobe lCitS ). Both rr:NI 

and column addresses must be stable on or belore the falling edge o~ and'RitS, respectiwly. The address latches are olthe How-through type; 

thus, address information appearing altar IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 
The read or write mode is detennined by the logic stale olWE . When WE is active Low, a write cycle is initiated; when We is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 
Input data Is written into memory in either 01 three basic ways-an early write cycle, anOE (delayed) write cycle, and a read-modily-write cycle. The 
falling edge 01 WE or ~ , whichever is later, serws as the input data-latch strobe. In an early write cycle, the input data (001-004) is strobed by 
~ and thesetuplhold times arereferenced to ~ because We goes Low before ~ . In a delayed write or a read-modily--write cycle, WE goes 
Low altar ~ ; thus, input data Is strobed by WE and all setuplhold times are referenced to the write-enable signal. 

DATA OUTPUT 
The thnllHltale bullers are m compatible with a fanout 01 two TTL loads. Polarity 01 the output data is identical to that 01 the input; the output buffers 
remain in the higlHmpedance stale until the column address strobe goes Low. When a read or read-modily-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the laiUng edge 01'RitS when tACO (max) is satisfied. 

tCAC: 

tAA : 

tOEA : 

from the laiUng edge of~ when tACO is greater than tACO, tRAO (max). 

from column address input when 1RAo is greater than tRAO (max). 

from the IaIUng edge of OE when OE is brought Low altar tRAC, IcAC , or 1M 

The data remains valid until either ~ or OE retums to a High logic level. When an early write is executed, the output butlers remain in a 
high-impedance s_ during the entire cycle. 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) "(L) 

Output leakage current 'O(l) 
OVSVourS 5.5V; 
Data out disabled 

Operating current RAs & CAs cycling; 
(Average Power 'CCI tAC = min 
supply Current) 

~ 
Standby current TTL 191181 
(Power supply 'ea RAs = CAS ~ V cc ~.2V current) CMOS level 

Refresh current #1 m = VIH. RAS cycling; 
(Average power@ ICC3 

tAC = min 
ply current) 2 

Fast Page Mode 
Icc. 

'RA!l =VIL, ~ cycling; 
current ~ tpc = min 

Refresh current #2 RAs cycling; 
(Average power sup- Ices ~before-~; 
ply current) ~ tAC = min 

RAS cycling ;_ 
Battery Back up CAS-befor&-RAS ; 
current tAC =125 IJS. tRAS =min. 

(Average power Icca to qu. DOl to 4 O!: Vee 

supply current) ~.2Vor S 0.2V or Open 
Other pin ~Vco-O.2V or 
SO.2V 

Notes 3 

-10 

-10 

MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-10L 
MB81C4256-12L 

10 

10 

rnA 

1.5 rnA 

250 ~ 

mA 

rnA 

mA 

250 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

AC CHARACTERISTICS 
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AC CHARACTERISTICS (Continued) 

1. Referenced 10 VSS 9. 
2. Icc depends on the oulput load conditions and cycle rates; The 10. specified values are obtained with the oulput open. 

Icc depends on the number 01 address change as'm = VIL and 
~=VIH. 11. 
1cc1, 1003 and Ices are specified at three time 01 address change 
during 'm = VIL and ~ = VIH. 
1004 is specified at one time 01 address change during 'm = VIL 
and ~=VIH. 

3. An Initial pause ('m =~ =VIH) 01 2Oo,.ts is required alter 12. 
power-iJp Iollowed by any eight 'm ~Iy cycles before proper 13. device operation is achieved. In case 01 using internal refresh 
counter, a minimum 01 eight ~ -belore-'m initialization 
cycles instead 0I81UtS cycles are required. 

4. AC characteristics assume tr = 5ns 

5. V IH (min) and V IL (max) are reference levels lor measuring 14. 
timing 01 input signals. Also transition times are measured 

15. 
between VIH (min) and VIL (max). 

6. Assumes that tACO S; tACO (max), tAAO S; tAAO (max). If tACO is 
16. greater than the maximum recommended value shown in this 

tabla, tRAe will be increased by the amount that IRco exceeds the 17. 
value shown. Refer 10 Fig. 2 and 3. 

18. 
7. Assumes that tACO?: tACO (max), IRAD <!: tAAO (max). If lAse <!: 

1M - tcAC - t T , access time is tcAC. 

8. IftAAO<!:tAAO (max) and lASeS 1M - tcAC - t T , access time is 19. 
tM. 

MBS1 C4256-70L 
MBS1 C4256-S0L 
MBS1 C4256-1 OL 
MBS1C4256-12L 

Measured with a load equivalent 10 two TTL loads and 100 pF. 

toFF and toez is specified that output buffer change 10 high 
impedance state. 

Operation within the 1Rco (max) IimH ensures that IRAc (max) 
can be mat. lAeo (max) is specified as a reference point only; il 
tACO is greater than the specified 1Rco (max) limi~ access time is 
controlled exclusively by!cAC or t M . 

tACO (min) = tAAH (min)+ 2t T + lAse (min) 

Operation within the IRAD (max) limit ensures that IAAC (max) 
can be met. tAAO (max) is specified as a reference point only; il 
tAAO is greater than the speci~ed IRAD (max) limit, access time is 
controlled exclusively by leAd or t M . 

Either tAAH or tACH must be satisfied lor a read cycle. 

twcs is specified as a relerence point only. If 1Wcs ?: twcs (min) 
the data oulput pin will remain High-Z state through entire cycle. 

Assumes that twcs < 1Wcs (min} 

Either tozc or tozo must be satisfied. 

tePA is access time lrom the selection 01 a new column address 
(that is caused by changing ~ from "1.-10 -H"). Therefore, W 
!cp is shortened, tePA is longer than \CPA (max). 

Assumes that ~·belore-~ refresh,1:X§·belore-'m 
refresh counter test cycle only. 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

I RAe (ns) 160 

140 

120 

100 

Fig. 2 - I RAe va. iRco 

,~ 
BOns Version 

80 
70ns versior I 

60 I I 

T 
I I 

I II II I I 
20 40 60 80 100 120 

I RCD (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Valid Valid 

Write Cycle 
(Early Write) L Valid Valid 

Read--Modify-
Write Cycle L Valid Valid 

.m-only 
Refresh Cycle L H X X Valid 

~fore-
mRefresh L L X X 
Cycle 

Hidden Refresh L X L 

X· "W or "L" 
*;' II is impoSsible in Fasl Page Mode 

2-218 

Fig. 3 - I RAe va. iRAD 

I RAe (ns) 160 

,~'-/ 140 

120 

lOOns Version 
100 ----;;j 

BOns Version I 
BO ::(f"it 70ns Version 

I I I 
60 II I I 

II I I 
"l: I III I I I I I • 20 40 60 80 100 120 

I RAD (ns) 

Yes * tACS~tRcs (min) 

Valid High-Z Yes * twcs~twcs (min) 

Valid Valid Yes * 

High-Z Yes 

High-Z Yes tCSR~tWCSR (min) 

Valid Yes data 



RAS 

CAS 
VIH -

V1L -

AotoA 8 
VIH -

VIL -

WE 
V1H -

V1L -

DO VOH -
(0u1pUl) VOL _ 

Fig. 4 - READ CYCLE 

IRC 

IRAS 

ICSH 

IRSH 

ICAS 

IRAL 

~ ______ ~ __ ~I·_ ... ·M ___ I~ ____ ~~~ _______ ~~ 
I Ir--~ 

~I~ 

MB81C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81C4256-12L 

DO V1H -

(Input) VI._ 
I-------HIGH-Z-....;.--..;........;.---~ 

V1H -
OE 

VIL -

• ..... 01' ..... 

DESCRIPTION 

To implemenl a read operation, a valid address Is latched in by the RAS and CAS address strobes and with WE .at to a High lewl 
and~ sel to a low level, the output Is valid once the memory access time has elapsed. The access lime is delennlned by 
RAS(tRAC), CAS(tCAC), OE (tOEA) or column addresses (tAA) under the following conc:ilions: 

II tACO> tACO (max), access.time = tCAC. 
II tRAO > tRAO (max), access time = 1M. 

II~is broughl Low after IRAC, tCAC, or tAA (which ever occurs laler), access time = tOEA. 
However, W either CAS or OE goes High, the outpul retums 10 a high-impedance slale after tOH is satisfl8d. 
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MB81 C4256-70L 
MB.81 C4256-80L 
MB81 C4256-1 OL 
MB81C4256-12L 

RAS 

CAS 

AolOAs 

WE 

DO 
(Input) 

V1H -

V1L -

V1H -

V1L -

Fig. 5 - EARLY WRITE CYCLE ( OE = "H" or "L" ) 

tAC 

t RAS 

tCSH -I 
t RSH 

tCAS 

tRAL 

DO VOH -
(Output) VOL _ --------------HIGH-Z--------------
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I;III~I 'H" or 'L' 

DESCRIPTION 

A write cycle is similar 10 a read cycle except WE is set 10 a Low state and OE is a "H' or "L" signal. A write cycle can be imple
mented in either of three ways - early write, OE write (delayed write), or read-modify-write .. During all write cycles, timing parame
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DO pin is latched with 
the falling edge of CAS and written inlO memory. 



RAS 
VIH -

V1L -

CAS VIH -
VII._ 

AOIOA. 
VIH -

V -II. 

WE 
VIH -

VIl -

DO VIH -
(Input) V1L -

DO VOH -
(Oulpul) VOL -

Oe 
V-IH 

V -IL 

DESCRIPTION 

Fig" 6 - OE ( DELAYED WRITE CYCLE) 

~-------------------------------t~ 

MB81C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

1.1 "H"ar"l" 

~ 1nvIId!lola 

In Ihe Oe (delayed WIlle) cycle, tWCS is not satisfied; thus, the dele on Ihe DOpins is latched with the falling edge 01 WE and 
writlBn inlO memory. The OulpUt Enable (CE) signal must be changed from Low 10 High before m goes Low (tOED + IDS). 
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MB81C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

V IH -
RAS V Il -

CAS V 1H -

V 1L -

AOIOA 8 

V IH _ 

V 1L -

WE 
V 1H -

V 1L -

DO V 1H -

(Input) V 1L -

DO V OH -

(Output) VOL -

OE V 1H -

V 1L -

DESCRIPTION 

Fig, 7 - READ-MODIFY-WRITE CYCLE 

~----------------------tRWC----------------------~ 

Imlll 'II' or"\.' 

The raad-modify-wri1B ~ is executed by changing WE from High 10 Low after the data appears on the DO pins. In the 
read-modify-wri1B cycle, OE must be changed from Low 10 High alter the memory aocess time. 
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RAS 

CAS 

DQ V 1H -

(Input) V 1L -

DO 
VOH -

(Output) VOL _ 

OE 
V 1H -

V 1L -

DESCRIPTION 

Fig. 8 - FAST PAGE MODE READ CYCLE 

MB81 C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81C4256-12L 

~ ___________________ t~ ____________________ ~~ __ ~ 

The fast page mode 01 operation permits laster successive memory operations at multiple column locations 01 the same row address. 
This operation is performed by strobing in the row address and maintaining ~ at a Low level and WE' at a High level during all 
suocessive memory cycles in which the row address is latched. The access time is determined by tCAC, tAA, tePA, or tOEA, which
ever one is the latest in occuring. 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

CAS 

WE 

DO V'H-
(Input) 

V'l -

Fig, 9 - FAST PAGE MODE WRITE CYCLE ( OE = "H" or "L" ) 

~---------------------t~ ----------------------~ 

DO V OH -

VOL -
-------------HIGH-Z--------------

(Output) 
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111 'H'Of'l' 

DESCRIPTION 

The fast page mode write cycle is executed in the same manner as the fastpa9!!..!!lode read cycle except the states of WE and OE 
are reversed. Data appearing on the D0...lli!:!s is latched on the falling edge of CJ!.S and written into memory. During the last page 
mode write cycle, including the delayed (OE) write and read-modi/y-write cycles, tCWL must be satisfied. 



V 1H -
RAS 

V 1L -

CAS 
vlH -
vlL _ 

V 1H -
AotoAs 

V 1L -

V 1H -
WE 

V 1L -

DO V 1H -

(Input) V 1L -

DO V OH -

(Output) VOL -

V IH -
OE 

V 1L -

DESCRIPTION 

Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 

MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

• "H-0I'1,.-

E23 Invalid Data 

The fast pa.9!,.mode OE (delayed) write cycle is executed in the sarnemannetu the fast page mode write cycle except for the states 
of WI: and OE. Input data on the DQ pins are latched on the fallin9..!!.dge of WE and written into memory. In the fast page mode 
delayed write cycle, ~ must be changed from Low to High before WE goes Low (tOED + tDS). 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

WE 

DO 
(Input) 

DQ 
(Output) 

OE 

VOH-

VOl-

V1H -

V1L -

DESCRIPTION 

Fig, 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

r- tRAD 

----~I~-----------------t~ ------------------~I~--~ 

IIfII 'H" or 'L' 

101 VeJ~Data 

During last page mode 01 operation. !he read-modily-write cycle can be executed by switching We Irom High to low alter input 
date appears at !he DO pins during a normal cycle. 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81 C4256-12L 

Fig. 12 - RAS-ONL Y REFRESH (WE = OE = "H" or "L") 

~ _________________ t~ ________________ ~~ 

V1H - ---------liIL 
vlL -

V1H - ------~~-------------~~----------vll------..:if"1 

DO vOH -

(OulpUt) vOl. - ========;ji1r--------
IWII1 "II" Of 'I.. 

DESCRIPTION 

Refresh of RAM memory cells is accomplished by perfonning aread, a writ~ a read-~-write cycle at each of 512 row addresses every 
64-miUiseconds. ThAle refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

m-only refresh is Jierfonned by keeping m Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During It\S-only refresh, Dour pin is kepi in a high-impedance state. 

Fig. 13 - W-BEFORE-RAS REFRESH (ADDRESSES = WE = OE = "H" or "L") 

DO VOH -:::::::=:b.~------------------ _________________ _ 
(OulpUt) VOL _ HIGH-Z 

DESCRIPTION 

CAS:before-RAS refresh is an Dn3 refresh capability thai eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-RA§ refresh operation. 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81C4256-12L 

RAS 
VIH -

VIL -

CAS 
V1H -
V1L _ 

AolD A 8 

VIH _. 
VIL _ 

V1H -
WE 

V1L -

DO VIH -
(Input) VL -

DO VOH -

(Output) VOL -

VIH -
OE VL _ 

DESCRIPTION 

Fig. 14 - HIDDEN REFRESH CYCLE 

.... -----tRC -----..,j.i-----

~----t~R----~ 

·,..--..;.;.---....:.-----HIGH-Z----...:......:--4 

VAUD DATA OUT 

_1·lI"or"l.· 

A hidden refresh cycle may be performed while maintaining the latest valid date at the output by extending !he ac:tive lime of~ and cycling 
~. The refreah row address is provided by !heolHlhip refresh addrasscounter. Thlseliminetes !he need for !he ex\emal raw eddrass !hat Is 
requl~ by DRAMs IIlat do not have CX!J..beror.~ refresh capability. 
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RAS 

CAS 

Aoto A 8 

WE 
(Read) 

DO 
(Inpul) 

DQ 
(OutpUI) 

OE 

V1H -

V1L -

V1H -

V1L -

V1H -

V -IL 

V1H -

V1L -

V1H -

V1L -

V -OH 

V -Ol 

Fig" 15 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

: 'RSH 

I CAS 

MB81 C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81 C4256-12L 

Ir~1 "H" or "L" 

v.<,1 Valid Data .,.;.' .~ 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

PACKAGE DIMENSIONS 
(Suffix : -P) 

.050(1.27) 

MAX 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-20P-M03) 

n ~'197(5'00) MAX 
H ,,J-iIH H H H H n n 
! " ~ ~ ~, U Y .125(3.18) MIN 

11 018+.006 
.100(2.54) ~.002 .020(0.51) MIN 

TYP (0.45~g:b~) 

©1988 FUJITSU LIMITED D2DD11S-1C 
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PACKAGE 
(Suffix: -C) DIMENSIONS ( Continued) 

:881 C4256-70L 
881 C4256-80L 

:881C4256-10L 
881C4256-12L 

(C MIC DUAL IN ~~~----------20·LEAD CERA 
ASE No.: DIP.20C~!~~) PACKAGE 

.100±.01O 
(2.54±0.25) 

© '988 FUJITSU LIMI TED D200'2S·2C 

I?imensions in 
Inches (millimeterS) 
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MB81 C4256-70L 
MB81 C4256-80L 
MB81 C4256-1 OL 
MB81 C4256-12L 

PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 

LEAD No.CD 
.050±.005 

(1.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC·26P·M04) 

*.67S±.OOS 
(17.15±0.13) 

I 
.300(7.62) .332±.005 

L1 "1'" 
"A" 

14013.55)MAX 

.089(2.25)NOM 

.025(0.64)MIN 

r-F~I 
.268±.020 
(6.81±0.511 

~5~~ 

~ I •. 017±.004 
(0.43±0.101 

Details of "A" part 
NOTE: 1. *: This dimension includes resin protrusion. (Each side: .006(O.15)MAX) 

2. Although this package has 20 leads only. its pin positions are the same as that of 26-lead package. 

01989 FUJITSU LIMITED C26064$-1C 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 

I 
~ 

)NDEX 0 .33J.0 o (8.50±0 
10 

.25) 

MB81C4256-70L 
MB81 C4256-80L 
MB81C4256-10L 
MB81C4256-12L 

112± 008 
(2.85 ± 0.20) 

·1 
.387±.013 

(9.83±0.33) 
I 

I ~~~~~~~~.~ 
f ~r--. --t 

.050(1.27) 
TYP 

11·020±.OO4 
• (0.50±0.10) 

LEADNO.0~~ 

(BOTTOM~ 

tl1989 FUJITSU LIMITED Z200D2S-4C 

.010±.002 
(0.25±0.05) 

.118(3:00) MI N 

---.l 
.100(2.54) TYP 

(ROW SPACE) 

Dimensions in 
inches (millimeters) 
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November 1990 
Edition 3.0 

DATA SHEET 

MB81 C4256A-601-701-BOI-10 

cO 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 256 X 4 Bits Fast Page Mode DRAM 
The Fujitsu MBS1C4256A is a CMOS, fully decoded dynamic RAM organized as 
262,144 words x 4 bits. The MBS1C4256A has been designed for mainframe 
memories, buffer memories, and video image memories requiring high speed and high 
bandwidth output with low power dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MBS1C4256A high ex-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

This specnication applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and SO ns) are available on this chip. 

Features 

• 262,144 words x 4 bits 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every S.2 ms 

• Early write or OE controlled 
write capability 

• ~ only, ~-before-~, or 
Hidden Refresh 

• Fast Page Mode, Read-Modny-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Permanent device damage may occur if absoluta maximum ratings are exceedad. 
Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet Exposure to absoluta maximum rating conditions for ex
tanded periods may affect device reliability. 

Copyright © 19110 by FWITSU LlMIlED and F~1I8u MIcrooIoc:lJonIco. Inc. 

DIP-20P-M03 

DIP-20C-A03 

LCC-26P-M04 

ZIP-20P-M02 

* FPT -24P-M04/*FPT-24P-M05 
*.: AVl)j[able for 701!l0l100ns versioos 

___ clrcuMryto_l18l..-aa_ 

.-.-due to high _voIIagao "'_Ie _ . .-.• 
10 _thai normal prac:aullonobe-" to_..,.-Jon 
at any voItago higher"" maximum IIII8d voIa(/6a 10 this high 
~ancoclraolt. 
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MB81C4256A-60 
MB81C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

Fig. 1 - MB81C4256A DYNAMIC RAM - BLOCK DIAGRAM 

AO 

AI 

A2 

A3 

A4 

A5 

A6 

A7 

A6 

CAPACITANCE (TA=25°C,f=1MHz) 

Input Capacitance. AO to A6 5 

Input Capacitance, m,CAS, WE, OE 5 

InputlOutput Capacitance, 001 to OQ4 Coo 6 
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MB81 C425SA-SO 
MB81C425SA-70 
MB81C425SA-80 
MB81C425SA-10 

PIN ASSIGNMENTS AND DESCRIPTIONS 

2O-Pln DIP: 
(TOP VIEW) 

001 VSS 

002 IXl4 

WE D03 

RAS CAs" 
NC. OE 

AO A. 

A, A 7 

A2 AS 

A3 A 5 

Vee A, 

001 

DQ2 

WE 
RAS 

NC. 

AO 

A, 

A2 

A3 

Vee 

~ 
1 

2 

~ 3 

• 
[ 5 

[ 9 

~ 10 

11 

~ 12 

13 

26-Pln SOJ: 
(TOP VIEW) 

26 

25 

2' 
23 

22 

1S 

17 

16 

15 ,. 
~ 
~ 
P 

IISS 

IXl4 m-
D03 CAS 

CAS 003 
IXl4 

OE VSS 

001 
D02 
Wf!. m 

A. NC. 

A 7 

AS 

A 5 

A, 
NC. 

~ 
002 
D01 

VSS 
DO' 
1m 
CAS 
OE 

24-Pln FPT: 
(TOP VIEW) 

<Normal Bend : FPT -24P-M04> 

<Reverse Bend : FPT -24P-M05> 

2D-Pin ZIP: 
(TOP VIEW) 

AS 
A7 
AS 
A5 
A4 

Vee 
A3 
A2 
A1 
Aa 

Aa 
A1 
A2 
A3 
Vee 

A4 
A5 
AS 
A7 
AS 

CAs" IXl4 D01 We NC. A1 A3 A' A6 AS 

OE 003 V SS oo2'RAS AD A2 Vee A5 A7 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage III V 

Input High Voltage, all inputs III VIH 2.4 6.5 V o °c to +70 °c 

Input Low Voltage, all inputs III VIL -2.0 O.S V 

Input Low Voltage, OO( ') III VILO -1.0 O.S V 

• : Undershoots of up to -2.0 volts with a pulse width not exceeding 20n5 are aoceptable. 
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MB81 C4256A-60 
MB81C4256A-70 
MB81 C4256A-SO 
MB81 C4256A-10 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Eighl8en input bits are required to decode any four of 1,048,576 celladdresses in the memory matrix. Since only nine address bits are available, the 
column and row inputs ere separately strobed by~ and'm(S as shown in Figure 1. First, nine row address bits ere input on pins AO-through-AS 
and 1a1l:hed with the row address strobe (RJtS ) then, nine column address bits are input and latched with the column address strobe!CltS ). Both 
row and column addresses must be stable on or before the IaIlingedge of~ and'm(S , respectively. The address latches are of the ftow-through 

type; thus, address information appearing after IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state ofiNE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input deta is ignored. 

DATA INPUT 

Input data is written into memory in either of three basicway~ early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or ~ , whichever is later, serves as the input data-latch strobe. In an ea~y write cycle, the input data (001-004) is strobed by 
~ and the setuplhold times ere referenced to ~ because WE goes Low before ~ . In a dalayed write or a read-modify-write cycle, WE 
goes Low after ~ ; thus, input data is strobed by WE and all setuplhold times ere referenced to the write--enable signal. 

DATA OUTPUT 
The Ihree-state buffers ere TTLcornpatibie with a fanout of two TTL loads. Polarity olthe output data is identical to that of the Input; the outputbuffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs 
are obtained under the following conditions: 

tRAC : from the falling edge of'm(S when tACO (max) is satisfied. 

tCAC: 

tAA : 

tOEA: 

from the falling edge of~ when tReD is greater than tACO, tRAQ (max). 

from column address input when IRAo is greater than IRAo (max). 

from the falling edge of OE when OE is brought Low after 1RAc, IcAc , or 1M 

The data remains valid until either ~ or OE retums to a High logic level. When an ea~y write is executed, the output buffers remain in a 
higlHmpedance state during the entire cycle. 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) II(L) 

Output leakage current 10(\.) OVSVoorS 5.5V; 
Data out disabled 

Operating current RAS & CAS cycling; 
(Average Power ICCl tRe = min 
supply Current) 

111 
Standby current TTL level RAS=CAS 
(Power supply Icca 
current) CMOS lewl RAS~CAS ~Vcc ~.2V 

~ = VH, ItItS' cycling; 
Icc3 tRe = min 

Fast Page Mode 
ICC4 

-m =VIL, m cycling; 
current 111 tpc = min 

Refresh current #2 RAS cycling; 
(Awrage power sup- Ices m-before-m; 
ply current) 111 tRe - min 

Notes 3 

-10 

-10 

MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

10 

10 

mA 

2.0 
mA 

1.0 

mA 

mA 

mA 
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MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81 C4256A-1 0 

AC CHARACTERISTICS 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 
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MB81 C425SA-SO 
MB81 C425SA-70 
MB81 C425SA-80 
MB81C425SA-10 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

Notes: 

1. Referenced to VSS 

2. Icc depends on the output load conditions and cycfe rates; The 
specified values are obtained with the output open. 
Icc depends on the number of address change as ~ = VIL and 
~=VIH. 
ICC1, 1CC3 and Icc5 are specified at three time of address change 
during ~ = VIL and ~ = VIH. 
1CC4 is specified at one time of address change during ~ = VIL 
and ~=VIH. 

3. An Initial pause (~=~ =VIH) of 20011s is required after 
power-op followed by any eight ~ -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight ~ -before-~ initialization 
cycles instead of 8 ~ cycles are required. 

4. AC characteristics assume tr = 5ns 

5. V IH (min) and V IL (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VIH (min) and VIL (max). 

6. Assumes thattReo~ tRCD (max), tRAD~ tRAe (maic). If tRCD is 
greater than the maximum recommended value shown in this 

table, tRAC will be increased by the amount that IRCD exceeds 
the value shown. Refer to Fig. 2 and 3. 

7. Assumes thattRCD~ tRCD (max), tRAD~ tRAe (max). If IASC ~ 

tAA -!cAC -t T , access time is !cAC. 

8. IflRAD~tRAe (max)andIAsC~1AA -!cAC -tT,accesstimeis 

tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toez is specified that output buffer change to high 
impedance state. 

11. Operation within the !Reo (max) limit ensures that!RAC (max) 

can be mel. tRCD (max) is spacified as a reference point only; if 

tRCD is greater than the specified !RCD (max) limit, access time is 

controlled exclusively by !cAe or t AA . 

12. tRCD (min) = tRAH (min)+ 21T + lAse (min) 

13. Operation within the tRAO (max) limit ensures thatlRAC (max) 

can be mel. !RAD (max) is specified as a reference point only; if 

tRAD is greater than the specifl9d lRAo (max) limit, access time is 

controlled exclusively by !cAe or t AA . 

14. Either tRRH or tACH must be satisfl9d for a read cycle. 

15. twcs is specified as a reference point only. If !wes ~ !weS 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes that twcs <!wes (min) 

17. Either toze or tozo must be satisfied. 

18. tCPA is access time from the selection of a new column address 
(that is caused by changing ~ from 'L' to 'H'). Therefore, if 

!cp is shortened, !cPA is longer than ICPA (max). 

19. Assumes that~-before-~ refresh, ~-before-~ 
relresh counter test cycle only. 

2-241 



MB81 C4256A-60 
MB81C4256A-70 
MB81 C4256A-80 
MB81 C4256A-1 0 

I RAe (ns) 160 

140 

120 

100 

80 

60 

Fig. 2 -I RAe va. IfICD 

I 
I I II I I I 

20 40 60 100 120 

t ROO (ns) 

• 

FUNCTIONAL TRUTH TABLE 

Standby H H X X 

Read Cycle L L H L Valid Valid 

Write Cycle 

(Early Write) L L L X Valid Valid 

Read-Modify-

Write Cycle L L Valid Valid 

l!iAS-only 
Refresh Cycle L H X X Valid 

~efore-
mRefresh L L X X 
Cycle 

Hidden Refresh L X L 

X; "H"or"L" 
"; II is impossible in Fast Page Mode 
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I RAe (ns) 110 

100 

90 

80 

70 

60 

Valid 

Valid 

Fig. 3 -I RAe va. t,w, 

• 20 30 40 50 60 

t RAD (ns) 

70 

High-Z 

Valid Yes * tRCS;JRCS (min) 

High-Z Yes * twcs~twcs (min) 

Valid Yes * 

High-Z Yes 

High-Z Yes tcs~tWCSR (min) 

Valid Yes Previous data 



RAS 

CAS 
V1H -

V1L -

AoloAs 
V1H -

V1L -

WE 
V1H -

V1L -

DO VOH -
(Outpul) VOL _ 

DO V1H -

(Inpul) V1L _ 

V1H -
OE 

V1L -

DESCRIPTION 

Fig. 4 - READ CYCLE 

IRC 

I RAS 

ICSH 
I RSH 

I CAS 

IRAl 

.... ____ ;...._...;1_._ IAA __ I_C_I>C_-...;.!.'--_-_-_-_:""' 

.. IRI>C 
Ir----:'-' 

MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

To implemenl a read operation. a valid address is latched in by the RAS and CAS address strobes and with WE set to a High level 
andOE sello a low level. Ihe oulpul is valid once the memory access lime has elapsed. The access time is delermined by 
RAS(IRAC). CAS(ICAC). OE (tOEA) or column addresses (tAA) under the following conditions: 

If IRCD > IRCD (max). access lime = ICAC. 
If IRAD > IRAD (max). access lime = tAA. 

If DEis broughl Low after IRAC. ICAC. or tAA (which ever occurs later). access lime = tOEA. 
However. if either CAS or DE goes High. the oulpul returns 10 a high-impedance stale after tOH is satisfied. 
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MBB1 C4256A-60 
MB81C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

Fig, 5 - EARLY WRITE CYCLE ( OE = "H" or "L" ) 

~------------------too------------------~ 
~ _____________ t~ ______________ ~ 

V1H - -----,/ 11-----.1 
RAS 

CAS 

AotoA 8 

WE 

DO 
(Input) 

v
lL

_ 

V1H -

V1L -

V1H -

V1L -

~------------:-- tCSH -------..1 14-------- t ASH -----...;....,j 

-~~------t~ --------.I 
--~--~~--~~~ 

VALID 
DATA IN 

tRA!. 

DO VOH -
(Output) VOL _ ---------------HIGH-Z---------------

DmI _ 'l-l"or"l.' 

DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE is a °Ho or °L ° signal. A write cycle can be imple
mented in either 01 three ways - eally write. OE write (delayed wrilll). or read-modiIy-write. During all wrilll cycles. timing parame
IIIrs tRWL. tCWL and tRAL must be satisfied. In the eaIIy write cycle shown above tWCS satisfied. data on the DO pin is latched with 
the falling edge 01 CA§ and written into memory. 
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V IH -
RAS 

V IL -

CAs' V IH -

V IL -

AotoAa 
V IH -

V IL -

WE 
V IH -

V IL -

DO V IH -

(Input) V IL -

DO V OH -

(Output) 
VOL -

Oe 
V IH -

V IL -

DESCRIPTION 

Fig. 6 - OE ( DELAYED WRITE CYCLE) 

~-----------------------t~ 

MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81 C4256A-1 0 

In the OE (delayed write) cycle, tWCS is not satisfied; thus, the data on the DO pins is latched with the falling edge of WE and 
written into memory. The Output Enable (~) signal must be changed from Low to High before ~ goes Low (tOED + tDS). 
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MB'1 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

V1H -
RAS V1L -

CAs V IH -

V -IL 

AotoA 8 

V 1H _ 

V 1L -

WE 
V 1H -

VIl -

DO V IH -
(Input) V1L -

DO VQH_ 

(OutpUI) VOL -

Oe 
V IH _ 

V1L -

DESCRIPTION 

Fig. 7 - READ-MODIFY-WRITE CYCLE 

~----------------------I~----------------------~ 

Il',ml ·H· or"· 

The reacHnoclily~te ~ is executed by changing WE from High to Low after the data appears on the DO pins. In the 
reacHnodi~te cycle, OE must be changed from Low to High after the memory access time. 
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V IH -
RAS V 1L -

CAS 
V 1H -

V 1L -

AolDA 8 
V 1H -

V 1L -

WE 
V 1H _ 

V 1L -

DO V IH -

(Input) V 1L -

DO 
VOH -

(Output) 
VOL _ 

OE 
V 1H -

V -IL 

DESCRIPTION 

Fig, 8 - FAST PAGE MODE READ CYCLE 

MB81 C425SA-SO 
MB81 C425SA-70 
MB81 C425SA-80 
MB81C425SA-10 

~ ___________________ t~ ____________________ ~~ __ ~ 

• "H'Of"!.' 

~ VoIIdDola 

The fast page mode of operation permits taster successive memory operations at multiple column locations of the same row address. 
This operation is performed by strobing in the row address and maintaining RAS at a Low level and~ at a High level during all 
successive memory cycles in which the row address is latched. The access time is determined by teAC, tAA, tePA, or tOEA, which
ever one is the latest in occuring. 
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MB81 C425SA-SO 
MB81C425SA-70 
MB81 C425SA-BO 
MB81C425SA-10 

CAS 

DO V 1H -

(Inpul) V 1L -

Fig. 9 - FAST PAGE MODE WRITE CYCLE ( OE = "H" or "L" ) 

~----------------------IRM ------------------------~ 

DO V OH -

(Output) VOL - ----------------------------HIGH-Z-----------------------------
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DESCRIPTION 

The fast page mode write cycle is executed in the same manner as the fastpa!l!!...!!!ode read cycle except the states of WE anlOE 
are reversed. Data appearing on the D0..ei!!s is latched on the falling edge of ellS and written into memory. During the fast page 
mode write cycle, including the delayed (OE) write and read-modify-write cycles, tCWL must be satisfied. 



V1H -
RAS v .. _ 

CAs' 
vlH -
viL _ 

AOIoA 8 
V1H -

ViL -

VIH -
WE 

ViL -

DO V1H -

(Input) V .. _ 

DQ VOH -

(Output) VOL -

VIH -
OE 

V1L -

DESCRIPTION 

Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 

MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

• "H-or1..-
~-:- .. .: 

~ InvalkfData 

The fast pa.9!.mode OE (delayed) write cycle is executed in the samemannew the fast page mode write cycle except for the states 
01 WE and CE. Input data on the DO pins are latched on the fallinudge of WE and written into memory. In the fast page mode 
delayed write cycle, ~ must be changed from Low to High before WE goes Low (tOED + tDS). 
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RAS 

WE 

DO 
(Input) 

DO 
(Output) 

OE 

VOH-

VOL -

V1H -

VIL -

DESCRIPTION 

Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

~------------------truw --------------------~~--~ 

• "Il"or'\." 

~ValIdDllla 

During last page mode 01 operation. the read-modify-wrile cycle can be executed by switching WE from High to Low aller input 
dale appears at the DO pins during a normal cycle. 
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Fig, 12 - RAS-ONL Y REFRESH (WE = OE = "H" or "L") 

~------------------tRC ------------------~ 

V1H -- ------------~~---------------------------,~------------------
V1L -- -----------.:Ifl 

DO VOH -- :::::::::::::::::~~_________________ _ ______________________ _ 

(Output) VOL __ HIGH-Z 

nln 'H'or'l.' 

DESCRIPTION 

Refresh of RAM memory cells is aooomplished by performing aread, a write, or a read-modily-write cycle at each 01512 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-<mly refresh, ~-beIore-1tJ;S refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RX!l Low and m High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RA§. During ~nly refresh, DouT pin is kept in a high-impedance state. 

Fig, 13 - CA8-BEFORE-RAS REFRESH ( ADDRESSES = WE = OE = "H" or "L" ) 

DQ VOH -- =:=;:==~~__________________________ _ ____________________ _ 
(Output) VOL __ : HIGH-Z 

DESCRIPTION 

~before-1tJ;S refresh is an on-chip refresh capability that eliminates the need lor external refresh addresses. If ~ is held Low lor the 
specified setup time (tClIR) before ~ goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
m-before-RX!l refresh operation. 
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VIH --
RAS 

VL --

CAS 
V1H --

V1L --

AotoAa 
V1H --

V1L --

VIH --
WE 

V1L --

DO VIH --
(Input) V1L --

DO 
VOH --

(Output) VOl --

V1H --
OE V1L __ 

DESCRIPTION 

FIg. 14 - HIDDEN REFRESH CYCLE 

~-----------tRC----------~~--------

VAUD DATA OUT 

111·fror,.· 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extencing the active time ofm and cycling 
rorn. The refresh row address is provided by the on-chip refresh addresscounter. ThIs eliminates the need lor the extemal row address that is 
required by DRAMs that do not have ~before-m refresh capability. 
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RAs' 

CAS 

Aoto A 8 

WE 
(Read) 

DO 
(Input) 

DO 
(Oulput) 

OE 

V1H-
V1l -
V1H-
V 1l -

VIH-

V1l -

V1H-
Vll-

VIH-
V1l-

VOH -
VOL -

VIH-
VIL-

Fig. 15 - CA8-BEFORE-RAS REFRESH COUNTER TEST CYCLE 

MB81 C4256A-60 
MB81C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

HIGH-Z --t--j:~ciP~~t-t=:::;-7:' HIGH-Z-----

tnWf1 

n;ti~~~1 'W' or 1.

I2:2J Valid DaIa 

DESCRIPTION 

A special timing sequence using the ~before~ refresh counter test cycle provides a convenient method to verify the functionality of 
m-before-~ refresh circuitry. If, after a m-before~ refresh cycle. m makes a transition from High to Low while m is held Low, 
read and write operations are enabled as shown above. Rowand column addresses are defined as follows: 

Row Address: Bits AO through AS are defined by the on-dlip refresh counter. 
Column Address: Bits AO through AS are defined by latching levels on AO-AS at the second falling edge of rnrn. 

The c;lI;S-before-mI:S Counter Test procedure is as follows; 
1) Initialize the internal refresh address counter by using S CAs-before:ro\S refresh cycles. 
2) Use the same column address throughout the test. 
3) Write "0" to all 512 row addresses (Dalto 0Q4) at the sarne column address by using normal write cycles. 
4) Read "0" written in procedure 3) and check; simullaneously write "1 "to the same addresses by using CAS-before--RAS refresh 

counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 (001 to 004) memory locations. 
6) Complement test pattern and repeat procedures 3), 4), and 5). 

Note. Assumes that CAS-before--RAs refresh counter test cycle only. 
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PACKAGE DIMENSIONS 
(SUffix: -P) 

.050(1.27) 

MAX 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE No.: DIP-20P-M03) 

.100(2.54) 
TYP 

©1988 FUJITSU LIMITED D20011S-IC 

2-254 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 

(Suffix: -C) 

20-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-A03) 

~I(:~;:)1 J+~' 
(24.89±0.251 

~ Jj.2OO(5.08IMAX 

J l!J Ll L .134~:m 
·(3.40~:~~1 

.100±.010~1f=T .047~:8l.~ .032(0.81) ~ .032~:g~~ 
(2.54±0.251 !1 20+0.3"1 REF (081+0.381 

. -0.13 . -0.25 

.800(20.32IREF + 005 +013 
.018_:003(0.46_0:081 

© 1988 FUJITSU LIMITED D20012S·2C 

MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81 C4256A-1 0 

1 _,:::::::::1 OtogO 

tJ 
.300±.010 

j (J.251 

t 010+·004 
. -.002 

(O.25~g:~~1 

Dimensions in 
inches (millimeters) 

2-255 



MB81 C4256A·60 
MB81 C4256A·70 
MB81 C4256A-80 
MB81C4256A·10 

PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 

2·256 

. 050±.005 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

.140(3 55) MAX 

,. .675±.005 

I (17.15±0.13) 

Mnnn I or 

o 
]

.332±.OO5 
(8.43± 0.13) 

.300( .62) 
NOM. 

.089(2.25) NOM. 

.025(0.64) MIN. 

(1.27±0.13) 
. '100(2~54) . 

TYP 

.600(15.24) REF. r--- -- - -- -- - ----, 
I Detail. of "A" part I 
I I 
I .032(0.81) I 

MAX : 

"A" I 

~
~-~~:--.~ , : 

i ~~2.50) NOM. ! 
;.004(0.10l! \,.) ,i~~3~~~) i 

NOTE: 1 .• :This dimension includes resin proirusionlEach side::0O6((>:'"fS)MAXI 

© 1990 FUJITSU LIMITED C26054S-1C 
2.Although this package has 20 leads only. its pin positions are the same as that 

that of 26-lead package. 
3.Dimensions in inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

2~EAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M02) 

t--l 019+.008(2588+ 0.20) I.r===· -.012 . -0.30 

I 
INOEX 0 .335±.0 d (8.50±0 

10 
.25) 

~~~~~nro~~~ 

.050(1.27) 
TYP 

© 1989 FUJITSU LIMITED Z20D02S-4C 

.020±.004 
(0.50±0.10) 

.010±.002 
(0.25±0.05) 

MB81 C4256A-60 
MB81C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 

112± OOS 
(2.S5±0.20) 

.3sJ.013 
(9.8310.33) 

.118(3'00) MI N 

--.-l 
.100(2.54) TYP 

ROW SPACE 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
(Suffix: - PFTN ) 

LEAD No. 

24-LEAD PLASnC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 

.630±.008 
(16.00±0.20) 

r----;~;;;~;;----l 
I 
I 

·oo,:l~ 1 5) I 

;
,014(0,35) I 

MAX I 
I 
I 
I 
I 

.006 (0. 1 5) .010(0.25) I 
L _______________ ~ 

.236±.OO8 
(6.00±0.20) 

I .567±.008 l .006±.OO2 

~~. ~~(~14~.4~0;;±~0.2~0;;) ~~_~L,1~(10'1 5±0.05) 
, =-_ ~iiie~il=t::t .047(1.20) MAX 

J - -T~:"-I .004(-0.10) ~ (SEATED HEIGHT) '-j~ I .019~~.50)--+l--

.591±.008 
(15.00±0.20 

.020±.004 
0.50±0.10) 

0(0) MIN 
(STAND OFF) 

© 1990 FUJITSU LIMITED F24020S-2C 
Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
(Suffix: - PFTR ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 

r----------------l 
I Details of "A" part I 
I I 
I .00610.15) I 
I MAX I 

i lP~'01~i~351 I 
I I 
I I 
I I 
I I I .00610. I 5) .01010.251 I 
L _______________ ~ 

591± 006 020±004 
115.00±0.201 (0.50±0.101 

0101 MIN 
ISTAND OFF) d==.1 .00410.1~1 ___ 1 .019;y~.5=0,--) .f+~ l'ii ~~~~tt·04711.20) MAX 

I IF ISEATED HEIGHT) 

.567±.006 • I~:~) -
U4.40±0.20) 

.630±.006 
16.00±0.20 

.236±.006 
16.00±0.20) 

©1990 FUJITSU LIMITED F24021S-2C 
Dimensions in 
inches (millimeters) 
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November 1990 
Edition 2.0 

DATA SHEET 

MBS1 C4256A-70U-BOU-10L 

OJ 
FUJITSU 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 256K X 4 Bits Fast Page Mode DRAM 
The FujHsu MB81 C4256A is a CMOS, fully decoded dynamic RAM organized as 256K 
words x 4 bu. The MB81 C4256A has been designed for mainframe memories, buffer 
memories, and video image memories requiring high speed and high bandwkfthoutput 
wHh low power dissipation, as well as for memory systems of battery operated 
computers requiring very low power dissipation. 

FujHsu's advanced three-dimensional stacked capacHor cell technology gives the 
MB81C4256A high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuHs to provide low power dissipation and high 
speed operation. 

Features 

• 262,144 words x 4 bHs 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTl 
compatible 

• 512 refresh cycles every 64 ms 
• Early wrHe or OE controlled 

wrHe capabilHy 

• rom- only, ~-before-rom-, or 
Hidden Refresh 

• Fast Page Mode, Read-Modily-WrHe 
capability 

• On-chip substrate bias generator for 
high perlormance 

Absolute Maximum Ratings (See Note) 

Note: Permanent device damage may oocur if absoluta maximum ratings are exceedad. 
Functional operation should be restriCled 10 the conditions as detailed in !he operalion 
sections of this data sheal Exposu/8 10 absoluta malCimum rating conditions lor ex
tanded periods may affect device reliability. 

Capyrlghl © 18110 br FWITSU LIMITED and FuJlllu M-.Inc. 

DIP-20P-M03 

DIP-2OC-A03 

LCC-26P-M04 

ZIP-20P-M02 

FPT-24P-M041 FPT-24P-M05 

ThIo_contaIn. ci"",Rry" ~'holnpu1B agai1o' 
_duolO high I1a1icvol1apoor_'IokIo . .-.or. tt 
10 ~ ,hal normal precauIfono be 1aken 10 avoid oppIIcallon 
'" any voI1age lIIghor 1I1on maximum rated ~ 1011110 high """"'''"''''c''''' •. , 
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MB81 C4256A-70L 
MB81 C4256A-SOL 
MB81C4256A-10L 

Fig. 1 - MB81C4256A DYNAMIC RAM - BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

AS 

A7 

AS 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Input Capacitance. AO to AS 5 

Input Capacitance. RAS,CAS, WE, Oe 5 

Inpul/Output Capacitance, DOl to DQ4 Coo 6 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

PIN ASSIGNMENTS AND DESCRIPTIONS 

2D-Pln DIP: 26-PlnSOJ: 24-Pln FPT: 
(TOP VIEW) (TOP VIEW) 

(TOP VIEW) 

<Normal Bend : FPT -24P-M04> 
001 VSS 001 

~ 
1 26 'ISS 

CO2 004 
CO2 • 25 004 ~ AB 

WE ~ 3 24 DQ3 !!AS A7 

WE DQ3 RAS CAS DQ3 AB , 23 004 AS 
RAS CAS NC. [ S 22 OE VSS A4 

NO. OE 001 Voc 
00. A3 

AD As ~ A2 

~ ~ 
Al 

Al A 7 AD 9 IS AS NC. AD 

A2 A B Al lQ 17 A7 

A. ~ 11 IS ~ AS 
A3 As A3 I. IS AS <Reverse Bend: FPT-24P-M05> 

A, Vee [ 13 I. ~ A, 
NC. Aa 

~ Al 
A2 

00. A3 
001 vee 

VSS S A4 
004 , AS 

~ 3 AB 

• A7 
15E 1 AB 

2D-PlnZIP: 
(TOP VIEW) 

CAS 004 001 We NC. Al A3 A' AS AS 

OE DQ3 V SS 00' RAS AD A2 Voc AS A7 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage [!] V 

Input High Voltage. all inputs [!] VIH 2.4 6.5 V o "C to +70 00 

Input Low Voltage. all inputs [!] VIL -2.0 0.8 V 

Input Low Voltage. DO( *) [!] VILD -1.0 0.8 V 

• : Undershoots of up to -2.0 volts with a pulse width not exceeding 20n5 are acceptable. 
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MB81 C4256A·70L 
MB81 C4256A·80L 
MB81C4256A·10L 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 
Eightaen input bils are requirad 10 decade any four of 1,048,576 oeUaddressas in the memory matrix. Since only nine address bits are available, lIle 
column and row inputs are saperalllly strobed by "CltS andltltS as shown in Figure ,. First, nine row address bits are input on pins AO-througll-A8 
and larched with the row address strobe (RltS ) then, nine column address bits are input and latched with the column address strobe {C:Im ). 80111 
row and column addressas must be stable on or before the lallirlgedge o~ andltltS , respectively. The address latches are of lIle flow-lhrough 

type; lIlus, address Information appearirlg after tRAH (mln)+ IT is automatically treated as the column address. 

WRITE ENABLE 
The read or write mode is delllrmined by lIlelogic stalll of We . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data Is ignored. 

DATA INPUT 
Input data Is writIIIn Inlo memory in eitherof three besicways-an eariy write cycle, ~ (delayed) write cycle, and a read-inodify-wrilll cycle. The 
faDing edge of WE or lmS , whichever is lalllr, serves as the input data-latch strobe. In an early write cycle, the input data (OQ1-004) is strobed by 
lmS and the satupAlold times are referenced 10 "CltS becausa We goes Low before "CltS . In a delayed write or a read-mocify-wrilll cycle, WE 
goes Low after"CltS ; lIlus, input data is strobed by WE and all setupAlold times are referenced to lIle write-enable signal. 

DATA OUTPUT 
The Ill_tate buffers are TTL compatible with a fanout of two TTL loads. Polarity of the oUtputdata Is identical to !hat of lIle input; the output buffers 
remain In the higll-impedanoe state until the column address strobe goes Low. When a read or read-mocify-wrilll cycle is executed, valid outputs 
are obtained under the following conditions: 

tRAC : from the IaIUng edge ofltltS when tReD (max) is satisfied. 

tCAC: 

tAA : 

tOEA : 

from the IaIHrIg edge of"CltS when tACO is grealllr than 1Rco, IlIAD (max). 

from column address Input when IRAD is grealllr 1han IRAD (max). 

from the fallirlg edge of Oe when Oe is brought Low after !RAe, 1cAc, or 1M 

The data remains valid until elther"CltS or Oe retums to a High logic level. When an early write is executed, the output buffers remain in a 
higiHmpedance stalll during the entire cycle. 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) Notes 3 

MB81C4256A·70L 
MB81 C4256A-80L 
MB81 C4256A·10L 
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MB81 C4256A-80L 
MB81 C4256A-10L 

AC CHARACTERISTICS 
(At recommended operetlng conditions unless otherwise noted.) Notes 3, 4, 5 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

No ... : 

1. Referenced to VSS 

2. Icc depends on the outputloed conditions end cycle rates; The 
specified values are obtained with the output open. 
Icc depends on the number of address change as"Rlt§ c VIL end 
~=VIH. 
ICCI, 1CC3 end lcesare specified at three time of address change 
during "Rlt§ = VIL and ~ = VIH. 
1CC4 is specified at one time of address change during "Rlt§ = VII. 
and~=VIH. 

3. An Initial pause (rom =~ =VIH) of 200j.1S is required after 
power-up followed by any eight-mrn -only cycles before proper 
device operation is achieved. In case 01 using internal refresh 
counter, a minimum of eight ~ -belore-"Rlt§ initialization 
cycles instead 01 8"Rlt§ cycles are required. 

4. AC characteristics assume tr = Sns 

5. V IH (min) end V IL (max) are reference levels for measuring 
timing 01 input signals. Also transition times are measured 
between VIH (min) and VIL (max). 

6. Assumes thattRCD:$; tReD (max), 1RAo:$; tRAD (max). II tRCD is 
greater then the maximum recommended value shown in this 

table, tRAe will be increased by the amountthatlRCo exceeds 
the value shown. Reier to Fig. 2 end 3. 

7. Assumes thattReD<!: tReD (max),tRAD<!: tRAD (max). II 1Ase<!: 
1M - IcAC - t T , access time is IcAC . 

8. IftRAD<!:tRAD (max) and IAsc:$; 1M -teAC -tT ,access time is 

tM. 

9. Measured with a loed equivalent to two TTL loads end 100 pF. 

10. toFF and toEl is specified that output buffer change to high 
impedence state. 

11. Oparation within the tRCD (max) limit ensures thatlRAC (max) 

can be met IRCD (max) is specified as a reference point only; il 
tRCD is greater then the specified IRCo (max) limit, access time is 
controlled exclusively by IcAC or t M . 

12. tRCD (min) = tRAH (min)+ 2t T + lAse (min) 

13. Operation within the tRAD (max) limit ensures thatlRAC (max) 
can be mel. tRAD (max) is specified as a relerence point only; il 
tRAD is greater then the specified IRAD (max) limit, access time is 

controlled exclusively by teAe or t M . 

14. Either tRRH or tRCH must be satisfied lor a read cycle. 

15. twcs is specilied as a reference point only. II lwes <!: twos 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes that twos < twes (min) 

17. Either tDZC or tozc must be satisfied. 

18. tePA is access time lrom the selection 01 a new column address 
(that is caused by changing ~ from "L" to "H"). Therefore, if 

tep is shortened, tePA is longer then !CPA (max). 

19. Assumes that ~ -before--mrn refresh, ~ -belore-"Rlt§ 
refresh counter test cycle only. 
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I RAe (ns) 160 

140 

120 

100 

80 

60 

'1" I 
20 

fig. 2 -, RAe Ye. fReD 

I I I • 40 100 120 

I ReO (ns) 

FUNCTIONAL TRUTH TABLE 

Valid Varld 

Valid Valid 

L Valid Valid 

1!iA§..only 
Refresh Cycle L H X X YaRd 

~re-
'mRefresh L L X X 
Cyde 

Hidden Refresh L X L 

X; "H"or"L" 
*; Ills imposslble In Fasl Page Mode 
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FIg. 3 -, RAe v .. fAAo 

I RAe (ns) 110 

100 
100ns version ( 

90 ~ 80 
I 

7Onsverslon I I 
70 

I I 
I I 

60 I I 

I I I 
1:: I I I I • 20 30 40 50 60 70 

I /lAD (ns) 

Ves * t~RCS(min) 

Valid Ves * 1\\csl!1\\cs 

VaRd Valid Ves * 

High-Z Ves 

High-Z Ves t~I\\csR (min) 

Valid Ves Previous data 
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MB81 C4256A-80L 
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Fig. 4 - READ CYCLE 

je----------- tAC 

RAS 

~--------truw -------~ 
----~ ~----~ 

V IH -

VIl -

CAS 
V IH -

V IL -

AotoA 8 
V H -

VII.-

WE 
V IH -

V IL -

DO VOH -
(Output) VOL _ 

DO V IH -

(Input) 
V IL _ 

V IH -
OE 

V IL -

• .....01"1.. 

DESCRIPTION 

To Implement a read operation, a valid address is latched in by the RAS and CAs address strobes and with WE sat to a High level 
and~ set to a low level, the output is valid onos the memory access time has elapsed. The access time is determined by 
RAS(tRAC), CAs(tCAC), OE(IOEA) or column addresses (tAA) under the following conditions: 

If tRCD> tRCD (max), access time = tCAC. 
If tRAD > tRAD (max), access time = tAA. 

If~is brought Low after tRAC, tCAC, or tAA (which ever occurs later), acosss time = IOEA. 
However, if either CAS or OE goes High, the output returns to a high-impedence state after IOH is satisfied. 
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MB81 C4256A-80L 
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RAS 

CAS 

AotoA 8 

WE 

DO 
(Input) 

V1H -

V1L -

V1H -

V1L -

Fig,S - EARLY WRITE CYCLE ( OE = "H" or "L" ) 

t RAS 

tCSH 

VALID 
DATA IN 

tAC 

t RSH 
-I 

tCAS 

tRAL 

DO VOH -
(Oulput) VOL _ ---------------HIGH-Z---------------

l~t:;~~1 "H" or"l' 

DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state andOEis a"W or 'L" signal. A write cycle can be imple
mented in either of three ways - early write, OE write (delayed write), or read-modify-write. During all write cycles, timing parame
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DO pin is latched with 
the falling edge of CAS and written into memory. 
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V 1H -
RAS 

V 1L -

CAs V 1H -

V 1L -

Aoto A 8 
V 1H -

V 1L -

WE 
V 1H -

V 1L -

DO V 1H -

(Input) V 1L -

DO V OH -

(Output) VOL -

DE 
V 1H -

V 1L -

DESCRIPTION 

Fig. 6 - OE ( DELAYED WRITE CYCLE) 

~-------------------------tRC 

MB81C4256A-70L 
MB81C4256A-80L 
MB81C4256A-10L 

I:~~~~~mjn -H" or-L

~~f~~~:l Invalid Data 

In the DE (delayed write) cycle, tWCS is not satisfied; thus, the data on the DO pins is latched with the falling edge of WE and 
written into memory. The Output Enable (~) signal must be changed from Low to High before WI: goes Low (tOED + tDS). 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

V IH -
RAS V 1L -

CAS V 1H -

V 1L -

AotoA 8 

V IH _ 

V IL -

WE 
V 1H -

V IL -

DO V IH -
(Input) V IL -

DO VOH -

(Output) VOL -

OE 
V 1H _ 
V 1L _ 

DESCRIPTION 

Fig, 7 - READ-MODIFY-WRITE CYCLE 

~----------------------t~----------------------~ 

I1fM] 'Il" or 1.' 

The reacHnodify~te ~ is executed by changing WE from High to Low after the data appears on the DO pins. In the 
reacHnodify~te cycle, OE" must be changed from Low to High after the memory access time. 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-1 OL 

Fig" 8 - FAST PAGE MODE READ CYCLE 

V1H -

~------------------I~ ____________________ ~~----~ 
RAS V1L -

CAS V1H -

V1L -

Aoto A 8 
VIH -
VII._ 

We 
V1H _ 

V1L -

DO V1H -

(Inpul) VII._ 

DO VOH -

(OUtpul) 
VOl. _ 

V -
OE IH 

V1L -

• "fl" or 'l" .. 

IS3 VaRd Data 

DESCRIPTION 

The fasl page mode of operation permits faster successive memory operations al multiple column locations of the same row address. 
This operation is performed by strobing in the row address and maintaining rotS al a Low level and~ al a High level during all 
successive memory cycles in which the row address is latched. The acoess lime isdetermined by ICAC, IAA, tePA, or tOEA, which
ever one is the latesl in occuring. 
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MB81C4256A-70L 
MB81 C4256A-80L 
MB81C4256A-10L 

DO V1H -
(Input) V1L -

Fig" 9 - FAST PAGE MODE WRITE CYCLE ( OE = "H" or "L" ) 

DO VOH -
VOL _ --------------------------HIG~----------------------------(Output) 

• "H".,"L" 

DESCRIPTION 

The fast pege mode write c:ycle is executed in the same manner as the fastpe~de read c:ycIe except the 8tal1lS of WE andOE 
are reversed. Data appearing an the DO....I!!!!s is latchad on the faDing adge of ~ and written into memory. During the fast pege 
mode write cycle, inclucing the delayad (UE) write and read-moclify-write c:ycles, tCWL must be satisfied. 
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V IH -
RAS 

vll -

CAS 
V IH -
V IL _ 

AotoA 8 
V IH -

V Il -

V IH -
WE V L _ 

DC V IH -

(Input) V IL -

DC V OH -

(OutpUt) VOL -

V IH -
OE 

V IL -

DESCRIPTION 

Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 

MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

• ..... or "l. 

~ Invalid Data 

The lasl pallllmode OE (delayed) wrilll cycle is executed in the samemannet.lll the fest page mode write cycle exceptlof the stallls 
of m and CE. Inpul data on the DC pins are latched on the fallinll..!dge of WE and writllln into memory. In the fest page mode 
delayed wrilll cycle, ~ must be changed from Low to High before WE goes Low (tOED + tDS). 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

----~I~----------------__ t~ ------------------~~~~--~ 

WE 

DO 
(Input) 

DQ 
(Output) 

OE 

VOH--

VOL--

vlH -

vlL -

DESCRIPTION 

1M ~~'L' 

~ VaiilData 

During fast page mode of oparetion. the read-modify-write cycle can be executed by switching We from High to Low after input 
date appaars at the DO pins during a normal cycle. 

2-276 



DO VOH-
(OutpUl) Va..-

DESCRIPTION 

fig. 12 - iiAS-ONLY REfRESH (WE = OE = "H" or "L") 

MB81C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

~-----------------I~ ________________ ~~ 

:::::::::::::::fp----------------HIG~Z--------------------

DJ "H"or·L· 

Refresh of RAM memory cells is accomplished by performing aread, a write, or a raad-modify-write cycle al each of 512 row addres_ every 
B.2-milliseconds. Three refresh modes are available: m-only refresh, CXS-before-RJm refresh, and hidden refresh. 

~n1y refresh is perfonned by keeping rots Low and CXS High throughoulthe cycle; the row address 10 be refreshed is latched on lhe 
falling edge 01 ~. During ~nly refresh, DouT pin is kepI in a high-impedance slate. 

fig. 13 - CAS-BEfORE-RAS REFRESH ( ADDRESSES = WE = OE = "H" or "L" ) 

DO VOH - :====:l~-------------- ___________ __ (Outpul) VOL _ HIG~Z 

DESCRIPTION 

CJm:before-Rlrn refresh is an on-chip refresh capability thaI eliminates the need for external refresh addresses. If CXS is held Low for the 
specified setup lime (1CSR) before Rlrn goes Low, the on-chip refresh control clock generalOrs and refresh address counler are enabled. An 
internal refresh operation aulOmatically occurs and the refresh address counter is internally inaemented in preparation for the nexl 
m-before-m refresh operation. 
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MB81 C4256A-70L 
MB81 C4256A-80L 
MB81C4256A-10L 

V1H -
RAS 

V1L -

CAS 
V1H -

V1L -

Aolo A 8 
V1H -
V1L _ 

VIH -
WE 

VIL -

DO V1H -
(Input) V1L -

DQ VOH -

(Output) VOL -

V1H -
OE VIL _ 

DESCRIPTION 

Fig. 14 - HIDDEN REFRESH CYCLE 

~-----------tRC----------~~---------

>---~---~-----HIGH-Z----....;.-;....-<t 

VALID DATA OUT 

nII·H"or"L" 

A hidden refresh cycle may be performed while maintaining the latest valid date at the output by extending the active time of ~ and cycling 
mtS. The refresh raw address Is provided by the on-chip refresh addresscounter. This eliminates the need for the extemal row address that is 
required by DRAMs that do not have m-before-mtS refresh capability. 
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CAS 

DO 
(Output) 

Fig. 15 - CAS-SEFORE-RAS REFRESH COUNTER TEST CYCLE 

MB81C4256A-70L 
MB8l C4256A-80L 
MB81C4256A-l0L 

---- HIGiH-2~--t-~b~~~~t--t=:;-::-HIGH-Z----

'nl ·H·ot'\.· 

~ ValdOala 

DESCRIPTION 

A special timing sequence using the ~before~ refresh counter test cycle provides a convenient method to verily the functionality of 
ro-before-'Itlrn refresh circuitry. If, after a ~-before-'RAS refresh cycle. Ci!rn makes a transition from High to Low while rom is held Low, 
read and write operations are enabled as shown above. Rowand column addresses are defined as follows: 

Row Address: Bits AO through AS are defined by the on-dlip refresh counter. 
Column Address: Bits AO through AS are defined by latching levels on AO-AS at the second falling edge of ~. 

The ~-before-ms Counter Test procedure is as follows; 
1) Initialize the intemal refresh address counter by using S CAS-before-RAS refresh cycles. 
2) Use the same column address throughout the test. 
3) Write "0" to all 512 row addresses (001 to 004) at the same column address by using normal write cycles. 
4) Read "0" written in procedure 3) and check; simultaneously write "1" to the same addresses by using CAS-before-AAS refresh 

counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the intemalrefresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 (001 to DQ4) memory locations. 
6) Complement test pattern ancl repeat procedures 3), 4), ancl5). 

Note. Assumes that CAS-before-RAS refresh counter test cycle only. 
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MB81C4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 

PACKAGE DIMENSIONS 
(SuffIx: -P) 

INDEX-1 

INDEX-2 

.050(1.27) 

MAX 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(CASE No.: DIP-20P-M03) 

II .032:':J>12 

(0.82:,:g·30) 

.100(2.54) 

TYP 

1I·018:'::~ 
(0.45:,:g~~ 

.283±.006 

© 1988 FUJITSU LIMITED 0200 lIS-I C 

2-280 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 

(Suffix: -C) 

MB81C4256A-70L 
MB81 C4256A-80L 
MB81C4256A-10L 

20-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-A03) 

JI(::::)1 ]j~, 
AREA I . .980>.010 • I 

(24.89.0.251 

@1988 FUJITSU LIMITED D20012S-2C 

.300>.010 

-......,,==*==(].251 

.010::~ 

(0.25:+:g:~gl 

Dimensions in 
inches (millimeterS) 
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MB81C4256A·70L 
MB81 C4256A·80L 
MB81C4256A·10L 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PJ) 

LEAD No. , 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

lIE .675±.OO5 
(17.15±0.131 

o Ji~r~' N M 

® @, 

~~~~~~~~~ 

I 
@ 

, , 

__ r-__ ~'1~0~~~2~541 
TYP 

1-------.600(15.241 REF. 

"A" 

.140(3.55) MAX. 

.069(2.25) NOM. 

.025(0.64) MIN. 

F~I 
.268±.020 
16.81 ±0.51) 

E~~ 

r---------------, 
I Detail. of "A" part 
I 

I .032(0.811 
MAX 

~ IAAW~ .. ~· 
;.004(0.101/ : ... j ,i~~3~~~0) 

NOTE: 1. IE: This dimension includes resin protrusion-:(EaCh side::ooaio:-fS}MAX) 
2.Atthough this package has 20 leads only, its pin positions are the same as that 

© 1990 FUJITSU LIMITED C2&054S-1C that of 26·lead package. 
3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M02) 

j-1 019+.008(25 88+ 0 .2Q, I.r======· -.012 . -0.3U' 

10 
.25) 

I 
INDEX 0 .335±.0 d 18.50±0 

~~nrn~~~~~·~ 

.050\1.27) 
TYP 

.020±.OO4 
10.50±0.10) 

LEADNO'~ 

~ 
© 1989 FUJITSU LIMITED Z2DDD2S-4C 

.010±.002 
10.25±0.05) 

MB81C4256A-70L 
MB81 C4256A-80L 
MB81C4256A-10L 

1 12± 008 
12.85±0.20) 

.3871.013 
19.8310.33) 

.1 18(3100) MI N 

---.l 
.10012.54) TYP 

ROW SPACE 

Dimensions in 
inches (millimeters) 

, 2-283 



MB81 C4256A-70L 
MB81 C4256A·80L 
MB81C4256A-10L 

PACKAGE DIMENSIONS (Continued) 
Suffix: -PFTN 

LEAD No. CD 

® 

@ 

Q} 

I 
eJI 

~ 

0 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 

INDEX 

630 008 ±. 
(16.00±0.20) 

.567±.006 
(14.40±0.20) 

0 

,----------------1 
I Details of "A" part I 
I I 
I .006(0.15) I 
I MAX I 

I~ I I .01~~35) I 

I I 
I I 
I I 
I I I .006(0.15) .010(0.25) I 
L _______________ ~ 

.236±.008 
(6.00±0.20) 

.217~5.50) 

REF 
~ .006±.002 

_: ~(0.15±0.05) 

----Lj=T .~(~.10) I .019~~~.50) 

~~~it=t:=t .047(1.20) MAX 
, (SEATED HEIGHn 

0(0) MIN 
(STAND OFF) 

.591 ±.008 .020±.004 .008±.004 -$ 
(15.00±0.20) (0.50±O.10) (O.20±0.10) 

© 1990 FUJITSU LIMITED F24020S-2C 
Dimensions in 
inches (miHimeters) 
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MB81 C4256A·70L 
MB81 C4256A-80L 
MB81C4256A·10L 

PACKAGE DIMENSIONS (Continued) 
Suffix: - PFTR 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-MOS) 

r----------------l 
I Details of "A" part I 
I I 
I .00610.15) I 
I MAX I 

I ]p# I I .01~~~35) I 

I I 
I I 
I I 
I I I .006 10.15) .01010.25) I 
L _______________ ~ 

.591±.00B .020±.004 
115.00±0.20) 10.50±0.10) 

0(0) MIN 

N----d~l- .00410_10~ __ I Jfii .019:y~.50) ~~~I~ST~AiND+~Ii~D2~E~~ 
11 5m.ooB .1 I~:!~)-

114.40±0.20) 

.630±.OOB 
(16.00±0.201 

.236±.OOB 
16.00±0.20) 

© 1990 FUJITSU LIMITED F24021S-2C Dimensions in 
Inches (milimeters) 
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June 1990 
Edition 1.0 

MB814100-801-101-12 
DATA SHEET 

cP 
FUJITSU 

CMOS 4, 194,304 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 4,194,304 X 1 Bit Fast Page Mode Dynamic RAM 
The Fujitsu MB814100 is afullydecoded CMOS dynamic RAM (DRAM) that CXlntains a 
total of 4,194,304 memory cells in ax 1 CXlnfiguration. The MB8141 00 features a fast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB8141 00 DRAM is ideally suited for 
mainframes, buffers, hand-held CXlmputers, and other memory applications where 
very low power dissipation and CXlmpact layout are basic requirements of the design. 
Since the standby current of the MB814100 is very low, the device can be used in 
equipment that uses batteries for primary andfor auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu's advanced 
Four-layer PolysiliCXIn process. This process, CXlupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB8141 00 are 
not critical and all inputs are TTL compatible. 

Features 

• 4,194,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TIL 
CXlmpatibie 

• 1024 refresh cycles every 16.4 ms 
• Common va capability by using 

eartywrite 

• RJ:S only, ~-before-RJ:S, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-<:hip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) ----
Note: Permanent device damage may ocx:ur if absolute maximum ratings are exceeded. 

Functional operation should be reslricllld III !he conditions as detailed in the operation 
sections of this data sheet Exposure to absolula maximum rating conditions lor ex
landed periods may allect device reliability. 

DIP-18P-M04 

LCC-26P-M04 

LCC-26P-M03 

ZIP-20P-M02 
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MBS14100-S0 
MBS14100-10 
MBS14100-12 

AO 

Al 

A2 

A3 

A4 

AS 

AS 

A7 

AS 

A9 

Al0 

Fig. 1 - MB814100 DYNAMIC RAM - BLOCK DIAGRAM 

Input Capacitance, AO to A 10, DIN 

Input Capacitance, RAs, CAS, WE 

Output Capacitance, DOUT 
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DIN 

DOUT 

S pF 

5 pF 

5 pF 



PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 
RM 

Al0 

AD 

Al 

A2 

18-Pln DIP: 
(TOP VIEW) 

VSS DIN 

DOUT 
WE 

RAS 
CAS 

NC. 
Ag 

Al0 

AS 

A7 

AS AD 

Al 

1 

2 

I 3 

4 

I 5 

: 9 

10 

26-PlnSOJ: 
(TOP VIEW) 

26 

25 
24 

23 

22 

lS 

17 

] 

] 
AS 

A2 

~ 
11 16 J 

A4 A3 12 15 ] 

Vee 13 14 

2D-PlnZIP: 
(TOP VIEW) 

CAS VSS We A10 NC. A1 A3 A4 As As 

2. t 41 I Elit I 81. 10.. 12., 14.. 16.. 18_, 201' 
~U"U"UnU"U"U"U"UnU" 
", 3" 5' I 'Po' 9' I 1" I 13' I 15" 17' I 19' I 

~s 

!bUT 

CAs 
NC. 

Ag 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 

Input High Voltage, all inputs 

Input Low Voltage, all inputs VIL -2.0 0.8 

V 

V 

V 

MBS14100-S0 
MBS14100-10 
MBS14100-12 

o °c to +70 °c 
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MB814100-SO 
MB814100-10 
MB814100-12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 
Twenty-two input bits are required 10 decode anyone of 4,194,304 cell addresses in the memory matrix. Since only eleven address bits (AO-A 10) are 
available, the column and row inputs are separately strobed by"RAS and~ as shown in Figure 4. First, eleven row address bits are applied on pins 
AO-through-A 10 and latched with the row address strobe (RJ!:S ) then, eleven column address bits are applied and latched with the column address 
strobe ~ ). Both row and column addresses must be stable on or beforethe falling edge of"RAS and~ , respectively. The address latches are of 

the flow-through type; thus, address information appearing after ~AH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written inlo memory in either of two basic ways-an early write cycle and a read-modify-write cycle. The falling edge o1iiiTE or ~ , 
whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data is strobed by ~ and the setuplhold times are 
referenced to ~ because WE goes Low before ~ .In a delayed write or a read-modify-write cycle, WE goes Low after~ ; thus, input data is 
strobed by WE and all setuplhold times are referenced to the write~nable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAC : from the falling edge of"RAS when tReD (max) is satisfied. 

ICAC: 

tAA 

from the falling edge of~ when tReD is greater than tReD (max). 

from column address input when IRAD is greater than tRAD (max). 

The data remains valid until either~ returns 10 a High logic level. When an early write is executed, the output buffers remain in a high-lmpedance 
state during the entire cycle. 

FAST PAGE MODE OF OPERATION 

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the 
same row address and strobing in successive column addresses. To satisfy these conditions,"RAS is held Low for all contiguous memory cycles in 
which row addresses are common. Foreach fast page of memory, any of 2,048-1>its can be accessed and, when multiple MB 8141 OOs are used, ~ 
is decoded to select the desired memory fast page. Fast page mode operations need not be addressed sequentially and combinations of read, write, 
and/or ready-modify-write cycles are permitted. 
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DC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted) 

Input leakage current (any input) II(L) 

Output leakage current IO(L) OV~VOUr.:; 5.5V; 
Data out disabled 

Operating current 
RAS & CAS cycling; (Average Power ICCl 

supply current) tRc = min 

Standby current 
(Power supply I CO2 
current) RAs=CAS ~Vcc -O.2V 

Refresh current #1 
~ = VIH, ~ cycling; 

Icc3 
tRC = min 

Fast Page Mode lIAS =VIL, m cycling; 
I co. current IT! tpc = min 

Refresh current #2 RAscycling; 
(Average power sup- Ices CAS-before-m; 
ply current) IT! tRC = min 

Notes 3 

-10 

-10 

MB814100·80 
MB814100·10 
MB814100·12 

10 

(J.A 

10 

rnA 

rnA 
1.0 

rnA 

rnA 

rnA 
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MBS14100-S0 
MBS14100-10 
MBS14100-12 

AC CHARACTERISTICS 
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MBS14100-S0 
MBS14100-10 
MBS14100-12 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

Noles: 
1. Referenced 10 VSS 
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number of address change as 11I'iS = VIL and 
~=VIH. 
Icc1, ICC3 and ICC5 are specified at three time of address change 
during 11I'iS = VIL and ~ = VIH. 
ICC4 is specified at one time of address change during 11I'iS = VIL 
and ~=VIH. 

3. An Initial pause (1~i'i~ =~ =VIH) of 200l1s is required after 
power-up followed by any eight 11I'iS -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight ~ -before-11I'iS initialization 
cycles instead of 8 ~ cycles are required. 

4. AC characteristics assume IT = 5ns. 

5. VIH (min) and VIL (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VIH (min) and VIL (max). 

6. Assumes that tRCO:> tRCD (max), tRAD:> tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 

table, tRAC will be increased by the amount that tAco exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCD"'tRCD (max), tRAD"'tRAD (max), and tASC "'tAA -tCAC

t T , access time is tcAC . 

8. If tRAD '" tRAD (max) and tASC:> tAA - tCAC - t T, access time is 

tAA . 
9. Measured with a load equivalent to two TIL loads and 100 pF. 

10. tOFF and tOEZ is specified that output buffer change to high 
impedance state. 

11. Operation within the tRCD (max) limit ensures that tRAC (max) 

can be met. tRCD (max) is specified as a reference point only; if 

tRCD is greater than the specified tRCD (max) limit, access time is 

controlled exclusively by leAC or t AA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 

can be met. tRAD (max) is specified as a reference point only; if 

tRAD is greater than the specified tRAD (max) limit, access time is 

controlled exclusively by leAC or t AA 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wcs , t CWO, t,RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 

characteristic only. If twcs > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 

thoughoutthe entire cycle. If t cwo > t cwo (min), t RWD > t 

RWD (min) , and t AWD > t AWD (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 

pin, and write operation can be exected by satisfying ~WL ,t 

CWL ,and tRAL specifications. 

16 tePA is access time from the selection of a new column address 
(that is caused by changing ~ from "L" to "H"). Therefore, if 

tcp is long, lePA is longer than ICPA (max). 
17. Assumes that~-before-11I'iSrefresh. 
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MBS14100-S0 
MBS141 00-1 0 
MBS14100-12 

I RAe (ns) 160 

140 

120 

100 

80 

60 

I 
20 

Fig. 2 - I RAe VB. 'Rco 

• 40 100 120 

t RCO (ns) 

FUNCTIONAL TRUTH TABLE 

Valid 

L L L Valid 

L L H-+L Valid 

L H X Valid 

L L H 

Hidden Refresh 
H-+L L H Cycle 

Noles: 

X: "H"or"L" 
'1: II is impossible in Fast Page Mode. 
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Fig. 3 - I RAe va. 'AAo 
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SOns Version I ---r I I 
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II I I I • 20 40 60 80 100 120 

I AAD (ns) 

Valid Yes '1 t Res::a t ACS (min) 

Valid Valid High-Z Yes ·1 t wcs::a t wcs(min) 

X-+ 
Valid Valid Valid Yes '1 t cwo ::a t cwo (min) 

High-Z Yes 

High-Z Yes t CSR::a t CSR (min) 

Valid Yes Previous data is 
kepi 



RAS 
V1H -

V1L -

CAS 
V1H -

V1L -

AotoA1o 
V1H -

V1L -

WE 
V1H -

V1L -

DOUT 
VOH -
VOL _ 

DESCRIPTION 

Fig, 4 - READ CYCLE 

t RC 

t RAS 

t CRP 

MBS14100-S0 
MBS14100-10 
MBS14100-12 

nt¥~~~1 "H- or 1: 

The read cycle is executed by keeping both RAS and~S 'L' and keeping WE 'H"throughout the cycle. Therow and column addresses are 
latched with RAs and CAS, respectively. The data output remains valid with CAS 'L", ie., if CAS goes 'H" , the data becomes invalid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (fAA). If tRCD (RAS to CAS delay time~s 
greater than the specification, the access time is fAA. 
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MBB14100-BO 
MBB14100-10 
MBB14100-12 

RAS 

CAS 
V ,H -

V,L -

AotoA,o 
V ,H -
V,L -

WE 

D,N 
V,H -

V ,L -

Dour 
VOH -

VOL -

Fig. 5 - WRITE CYCLE ( Early Write) 

~---------------------tRC ----------------------~ 

1---------------- t RAS 
------,I 

VALID 
DATA IN 

HIGH-Z 

II "H"o,"L" 

DESCRIPTION 

The write cycle is executed by the same manner as read cycle except for the state of WE and DIN pins. The data on DIN pin isatchedwith the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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RAS 

CAS 

ADtoAtD 

WE 

DtN 

VIH

VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

Dour VOH-

VOL-

DESCRIPTION 

Fig. 6 - READ WRITEIREAD-MODIFY-WRITE CYCLE 

The read-modify-write cycle is executed by changing WE from "H" to "L" after the data appears on the DOUT pin. 
After the current data is read out. modified data can be rewritten into the same address quickly. 

MB814100·80 
MB814100·10 
MB814100·12 

ml' H ' or ' L ' 

1;~:;::;;1 Invalid Data 
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MB814100~80 

MB814100-10 
MB814100-12 

CAS 

A loA o 10 

DOUT 

DESCRIPTION 

Fig. 7 - FAST PAGE MODE READ CYCLE 

The fast page mode read cycle is executed afte~mal c~ with holding AAs "L", applying column address and CAS, and keeping WE "H" . 
Once an address is selected normally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA, whichever occurs later. 
Any of the 2048 bits belonging 10 each row can be accessed. 

2-298 



CAS 

DIN 
VIH -

VIL -

Dour VOH -
VOL -

DESCRIPTION 

Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write) 

~---------------------t~ ----------------------~ 

MB814100-80 
MB814100-10 
MB814100-12 

-------------HIGH-Z--------------

The fast page mode write cycle is executed by the same manner as fast page mode read cycle except for the state of WE. 
The data on DIN pin is latched with the falling edge of CAS and written into the memory. During fast page mode write cycle. tCWL must be 
satisfied. Any of the 2048 bits belonging to each row can be accessed. 
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MBS141 ~O-SO 
MBS14100-10 
MBS14100-12 

Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

AD .. Al0 

WE 

VIH

VIL-

VIH_-+~:"'-~ 

VIL-

VIH_ ... Jr--..;..-tJr-..;...;...., 
VIL-' 

VIH

VIL-

DIN VIH-

DOUT 

VIL-

VOH
V~-------------~[~' 

DESCRIPTION 

toH 
Iful~~1 -H-or-l

J;?;,I InvoJkl DaIs 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the dataappearsat DOUT pin as well 
as normal cycle. Any of the 2048 bits belonging to each row can be accessed. 
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~ 
V,H -
V,L -

Aoto Ag V,H -
V,L -

~ V,H -
V,L -

DouT 
VOH 
VOL 

DESCRIPTION 

Fig. 10 - RAS-ONLY REFRESH (WE, DIN, Al0 = "H" or "L") 

MBS14100-S0 
MBS14100-10 
MBS14100-12 

~-------------------tRC -----------------~~ 

I\-________ ...;J,I-o----- t RP ---...-.j 

---------+l .. -------HIGH-Z----------

I :;:::::::::~~tl "H" or"L· 

The refresh of DRAM is executed by normal read, write or read-modify-write cycle, i.e" the cells on the one row line are also refreshed by 
executing oneofthree cycles. 1024 row address mustbe refreshed every 16.4ms period. During the refresh cycle, the cell data connected to 
the selected row are sent to sense amplifier and re-written to the cell. The MB8141 00 has three types of refresh modes, RAS-<Jnly refresh, 
CAS-before-RAS refresh, and Hidden refresh. 
The rlAS only refresh is executed by keeping 'RAS "L" andCAS "H" throughout the cycle. The row address to be refreshed is latched on the 
falling edge of RAS. During RAS-<Jnly refresh, the DOUT pin is kept in a high impedance state. 

Fig. 11 - CAS-BEFORE-RAS REFRESH (AOto Al0, DIN="H" or "L") 

~--------------tRC----------------~ 

DouT VOH 
VOL 

-----~~------------HIGH-Z-----------

DESCRIPTION 

The CA'"S-before-RAs refresh is executed by bringing CAS "L" before RiiS. By this timing combination, the MB814100 executes 
CAS-before-RAS refresh. The row address input is not necessa~cause it is generated internally. 
WE must be held "H" for the specified set up time (tWSR) before RAS goes "L" in order not to enter "test mode" to be specified later. 
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MBS14100-S0 
MBS14100-10 
MBS14100-12 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

Ao toAl0 
VIH-

(Read) VIL-

WE VIH-

(Read) VIL-

DoUT 

WE 
VIH-

(ReadiWrite VIL-
Cycle) 

DIN 
VIH-

VIL-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

The hidden refresh is executed by keeping CAS "L" to next cycle, i.e., the output data at previous cycle i~t during next refresh cycle. Since 
the CAS is kept low continuously from previous cycle, followed refresh cycle should be CAS-before-RAS refresh. 
WE must be held "H" for the specified set up time (tWSR) before RAS goes "L" for the secound time in order not to enter "test mode" to be 
specified later. 
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PACKAGE DIMENSIONS 
(Suffix : -P) 

MBS14100-S0 
MBS14100-10 
MBS14100-12 

IS-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No.: DIP-18P-M04) 

.050(1.27) 

MAX 

© 1988 FUJITSU LIMITED D18015S-4C 

010~8864 

(025~861) 

Dimensions in 
inches (millimeters) 
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MB8141 00-80 
MB814100-10 
MB814100-12 

PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJN) 

LEAD No.CD 
.050±.005 

11.27±0.131 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P·M04) 

I '.",- I 117.15'0.131 : 

ficc~ I ~C?;I I 
, 0 .30017.621 .332'.005 rf ,"0", 'OM "'T '" 

.600115.24IREF 

"A" 

.14013.55IMAX 

.08912.25INOM 

.02510.64IM I N 

I I .017'.004 
--l "10.43,0.101 

Details of "Au part 
NOTE: 1 .• : This dimension includes resin protrusion. (Each side: .006{O.15)MAX~ 

2. Although this package has 20 leadsonlv. its pin p~sitions are the same as that of 26·lead packagl. 

0.989 FUJITSU LIMITED C26(l6oI8-.c 

2-304 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 

MBB14100-BO 
MBB14100-10 
MBB14100-12 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(Case No. : LCC-26P-M03) 

Lead No. 1 

11.27±0.13) 

!If 
.675±.005 

117.15±0.13) 

.1 I .. 100Id·54) . 
TYP 

.600115.24) REF 

"A" 

1521385) MAX 

.09412.40) NOM 

.02510.64) MIN 

r~1 
.318±.020 

18.08±0.51) 

~eb~ 
r---------------l 
I Details of "A" part I 
I I 
I .03210.81) I 
I MAX I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I : 
I 1 .017±.OO4 I 
I • I· (0.43±0.10) I L ______________ J 

©1988 FUJITSU LIMITED C26053S-IC 
!If Remaining Resin .00610.15) MAX 

Dimensions in 
inches (millimeters). 
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MBS14100-S0 
MBS14100-10 
MBS14100-12 

PACKAGE DIMENSIONS (Continued) 

(Suffix : -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 

I 

I 
010 

112± 008 
(2.85±0.20) 

.3871.013 
(9.83±0.33) INDEX 0 .335±. d (8.50±0 

~~~~~~ffin~~ 
.25) 

:;~~~ 
.01O±.002 

.050(1.27) 
TYP 

© 1989 FUJITSU LIMITED Z20002S-4C 
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11·020±.004 
(O.50±0.10) 

(0.25±O.05) 
.118(3.00) MI N 

---.l 
.100(2.54) TYP 

(ROW SPACE) 

Dimensions in 

inches (millimeters) 



November 1990 
Edition 1.0 

MB814100-Bou-10U-12L 
DATA SHEET 

cO 
FUJITSU 

CMOS 4M X 1 BIT FAST PAGE MODE LOW POWER DYNAMICRAM 

CMOS 4M x 1 Bit Fast Page Mode Low Power Dynamic RAM 
The Fujitsu MB814100 isafullydecoded CMOS dynamic RAM (DRAM)thatcontainsa 
total of 4,194,304 memory cells in ax 1 configuration. The MB8141 00 features afast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB8141 00 DRAM is Ideally suited for 
mainframes, buffers, hand-held computers, and other memory applications where 
very low power dissipation and compact layout are basic requirements of the design. 
Since the standby current of the MB8141 00 is very low, the device can be used in 
equipment that uses batteries for primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu's advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
Interval between memory refreshes. Clock timing requirements forthe MB8141 00 are 
not critical and all inputs are TTL compatible. 

Features 

• 4,194,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1024 refresh cycles every 128 ms 
• Common va capability by using 

early write 

• ~ only, ~-before-~, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) -
Note: Pennanent device damage may occur if absolute maximum ratings 81'8 exceeded. 

Functional operation should be reslricted to the conditions as detailed in the operation 
sections of this date sheet. Exposure to absoIulB maximum rating conditions lor ex
landed periods may allect device reliability. 

Ccpyright @ 1890 by FUJrrsU LIMITED and FIojIllu U_1oo, Inc. 

DIP-18P-M04 

LCC-26P-M04 

LCC-26P-M03 

ZIP-20P-M02 

T.B.D. T.B.D. 

FPT-26P-M01 FPT-26P-M02 

__ contain •• 1raI"ry 10 pn>I8Ct 1M InPIAI 89_ 
",",-due 10 high .... 10.0'-.. __ • H ...... ' •• 
II_thai normal prac:ao.t_be _n to avoid appIl ... l .. 
=-",,",,:!~har1h1n maximum _ ~ to thlo high 
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June 1990 
Edition 2.0 

MB814101-801-101-12 
DATA SHEET 

cO 
FUJITSU 

CMOS 4,194,304 BIT NIBBLE MODE DYNAMIC RAM 

CMOS 4,194,304 X 1 Bit Nibble Mode Dynamic RAM 
The Fujitsu MB814101 is afullydecoded CMOS dynamic RAM (DRAM)thatcontainsa 
total of 4,194,304 memory cells in a x 1 configuration. The MB8141 01 featurasa nibble 
mode of operation whereby high-speed serial access of up to 4 bits of data can be 
selected. The MB814101 DRAM is ideally suited for mainframes, buffers, hand-held 
computers, and other memory applications where very low power dissipation and 
compact layout are basic requirements of the design. Since the standby current of the 
MB814101 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814101 is fabricated using silicon gate CMOS and Fujbu's advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB8141 01 are 
not critical and all inputs are TIl compatible. 

Features 

• 4,194,304 words x 1 bit 
organization 

• Silicon gale, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output ara TIl 
compatible 

• 1024 refresh cycles every 16.4 ms 
• Common VO capability by 

using early write 

• RXS only, ~-befora-rom-, or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Permanent dallies damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be resmeted ID !he GOndiIions as detailed in the operation 
sections oIlhls data sheet Exposura to absolula maximum rating conditions lor ex
tended periods may alfact device reliability. 

DIP-18P-M04 

LCC-26P-M04 

LCC-26P-M03 

ZIP-20P-M02 
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MBB14101-BO 
MBB14101-10 
MBB14101-12 

Fig. 1 - MB814101 DYNAMIC RAM - BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

Al0 

Input Capacitance, AO to Al0, DIN 

Input Capacitance, AAs, CAS, WE 

Output Dour COUT 
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DIN 

DOUr 

5 pF 

5 pF 

5 pF 



PIN ASSIGNMENTS AND DESCRIPTIONS 

DIN 

WE 
RAS 

Al0 

AD 

Al 

A2 

A3 

Vee 

1B-Pln DIP: 
(TOP VIEW) 

VSS 

DDUT 

CAS 

Ag 

AS 

A7 

AS 

A5 

A4 

20-PinZIP: 
(TOP VIEW) 

DIN 

WE 

iiAS 
NC. 

Al0 

AD 

Al 

A2 

A3 

Vee 

: 1 

2 

: 3 

4 

[ 5 

~ 
9 

10 

~ 
11 

12 

[ 13 

26-PlnSOJ: 
(TOP VIEW) 

26 

25 
24 

23 

22 

lS 

17 

lS 

15 

14 

CAS Vss WE Al0 NC. Al A3 A4 As As 

2.. 4.. 6_. a. I lOt I 1~ I '4.. 16., 1S- I 20i I 

~U"U"U"U"U"U"U"UnU" 
". 3 1 I 5" 7!' 9' I 111 I 13" 15 1 ' 17" 19" 

J 

~ 

ISs 
DouT 
CAs 
NC. 

Ag 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 

Input High Voltage, all inputs 

Input Low Voltage, all inputs VIL -2.0 0.8 

V 

v 

V 

MBS14101-S0 
MBS14101-10 
MBS14101-12 
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MB814101·80 
MB814101·10 
MB814101·12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 
Twenty-two input bits 8111 required to decode anyone of 4, 194,304 cell addresses in the memory matrix. Since only eleven address bits (AO-A 10) are 
available, the column and row inputs are separately strobed by"m and~ as shown in Figure 4. First, eleven row address bits are applied on pins 
AO-through-A 10 and latched with the row address strobe (ms;§ ) then, eleven column address bits are applied and latched with the column address 
strobe ~ ). Both row and column addresses must be stable on or before the falling edge otrorn and~ ,respectively. The address latches are 

of the ftow-lhrough type; thus, address information appearing alter ~AH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, Input data is ignored. 

DATA INPUT 

Input data is written into memory In either of two basic ways--an early write cycle and a read-rnodify-write cycle. The falling edge o1W"E or ~ , 
whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data is strobed by ~ and the setup/hold times are 

referenced to ~ because WE goes Low before ~ .In a delayed write or a read-modily-writecycle, WE goes Low after~ ; thus, input data is 
strobed by We and aU setup/hold times are referenced to the writa-enable signal. 

DATA OUTPUT 
The three-state buflers are TTL compatible with a fanout oflWo TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the higiHmpeclanoe state until the column address strobe goes Low. When a read or read-modily-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of"m when tRCO (max) is satisfied. 

'CAC: from the falling edge oI~ when tReo is greater than IRco (max). 

'AA: from column address input when lRAo is greater than tRAo (max). 

The data remains valid until either -m retums to a High logic leval. When an early write is executed, the output buffers remain in a high-impedance 
state during the entire cycle. 
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DC CHARACTERISTICS 
(Recommended operating condHlons unless otherwise noted) 

OV~VIN ~ 5.5V; 

Input leakage current (any input) II(l) 4.5v.s;Vc~ 5.5V; 
Vss = OV; All other pins 
not under test = OV 

Output leakage current IO(L) OV~VotnS 5.5V; 
Data out disabled 

Operating current 
RAS & CAs cycling; (Average Power ICCI 

supply current) tRC = min 

Standby current 
(Power supply ICC2 
current) RAS=CAs l!:Vcc ~.2V 

Refresh current #1 'OAS = VIH, 'rom cycling; 
Icc3 tRC = min 

1= 
~ =Vll, ~ cycling; 
tNC = min 

Refresh current #2 AAscycling; 
(Average power sup- Icc5 'OAS-before-'RAS; 
ply current) [!] tRC = min 

Notes 3 

-10 

-10 

MB814101·80 
MB814101·10 
MB814101·12 

V 

10 

IJA 
10 

mA 

mA 
1.0 

mA 

mA 

mA 
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MB814101-80 
MB814101-10 
MB814101-12 

AC CHARACTERISTICS 
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MB814101·80 
MB814101·10 
MB814101·12 

AC CHARACTERISTICS (Continued) 
(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 

Notes: 
1. Referenced to VSS 
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Iccdepends on the number of address change as"RliS = VrL and 
CJ\S= VrH. 
ICC1, ICC3 and Iccs are specified at three time of address change 
during "RliS = VrL and CJ\S - VrH. 
ICC4 is specified at one time of address change during "RliS = VrL 
and ~=VIH. 

3. An Initial pause (-ro;;s =CJ\S =VIH) of 200~ is required after 
power-<Jp followed by any eight"RliS -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight CJ\S --before-"RliS initialization 
cycles instead of 8 ~ cycles are required. 

4. AC characteristics assume Ir = Sns. 

5. VrH (min) and VrL (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 

between VrH (min) and VrL (max). 

6. Assumes that tRCD~ tRCD (max), tRAD~ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 

table, tRAC will be increased by the amount that IRcD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCD<::tRCD (max), tRAD<::tRAD (max), andtASC <::tM -tCAc

t T , access time is teAe . 

8. If tRAD <:: tRAD (max) and IAsc ~ tM - tCAC - t T , access time is 

tM. 
9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. tOFF and toEz is specified that output buffer change to high 
impedance state. 

11. Operation within the tRco (max) limit ensures that tRAe (max) 

can be met. tRCD (max) is specified as a reference point only; if 

tRCD is greater than the specified IRcD (max) limit, access time is 

controlled exclusively by teAe or t AA . 

12. tRCD (min) = tRAH (min)+ 2tT + tAse (min). 

13. Operation within the tRAD (max) limit ensures that tRAe (max) 

can be met. tRAD (max) is specified as a reference point only; if 

tRAD is greater than the specified tRAD (max) limit, aocess time is 

controlled exclusively by teAe or t AA • 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwo , t,RWD and tAwD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 

characteristic only. If twes > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 

thoughoutthe entire cycle. If t cwo > t cwo (min), t RWO >1 

RWD (min) , and t AWD > t AWD (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 

pin, and write operation can be exected by satisfying ~WL ,t 

CWL ,and tRAL specifications. 

16 tNPA is access time from the selection of a new column address 
(that is caused by changing CJ\S from "L" to "H"). Therefore, if 

tcp is long, tePA is longer than tePA (max). 
17. Assumes that ~ --before- "RliS refresh. 
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MB814101-80 
MB814101-10 
MB814101-12 

I RAe (ns) 160 

140 

120 

100 

80 

60 

'1: 

Fig. 2 - t RAe va. 'tICD 

120ns Version 

I 
I 
I 
I 
I 
I 

I II II I I • 20 40 60 80 100 120 

I ReD (ns) 

FUNCTIONAL TRUTH TABLE 

Valid 

L Valid 

L L Valid 

L H Valid 

L L H 

Hidden Relresh H-+L L H Cycle 

Nol .. : 

X: "H"or"L" 
*1: II is impossible in Nibble Mode, 
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Flg.3-t RAe v •• ~D 

I RAe (ns) 160 

,~.-/ 140 

120 

lOOns Version 
100 --Y' 

80ns Version I 
80 --r ' I 

I I I 
60 I I I 

I II 
"l: I II I I I I I • 20 40 60 80 100 120 

I RAD (ns) 

Valid Yes *1 t RCS;" t ReS (min) 

Valid Valid High-Z Yes *1 t wcsl!: t wes(min) 

X-+ t cwo ;" t cwo (min) Valid Valid Valid Yes *1 

High-Z Yes 

Hlgh-Z Yes t CSR;" t CSR (min) 

Valid Yes Previous data is 
kepi 



RAS 

CAS 
V'H-

V'L -

AoIOA,o V'H-

V'L-

WE 
V'H-

V'L-

Dour 
VOH -

VOL _ 

DESCRIPTION 

Fig. 4 - READ CYCLE 

IRC 

I RAS 

ICSH -I IRP 

I RSH 

I CAS 

t RAL 

~------IC~ ----~~ 

~------~I------I~------------~r----~~ 

------- HIGH-Z--------~:;..·:J1 

11 ........ ----- ION 

MB814101-80 
MB814101-10 
MB814101-12 

The read cycle is executed by keeping both AAs andCAS "L" and keeping WE "H" throughoul the cycle. Therow and column addresses are 
latched wilh RAs and CAS, respectively. The data output remains valid wilh CAS "L", ie., if CAS goes "H" , Ihe data becomes invalid after tOH 
is satisfied. The access lime is determined by AAs (IRAC), CAS (ICAC), or Column address inpul (tAA). If IRCD (RAS to CAS delay lime~s 
greater than the speciflcalion, the access time is tAA. 
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MB814101·80 
MB814101·10 
MB814101·12 

RAS 
VIH -

VIL -

CAS VIH -

VIL -

AolD A,o 
VIH -

VIL -

WE 

DIN 
VIH -

VIL -

DOUT 
VOH -

VOL -

DESCRIPTION 

Fig. 5 - WRITE CYCLE ( Early Write) 

t RC 

t RAS 

tCSH -I 
t RSH 

t CAS 

t RAL 

VALID 
DATA IN 

HIGH-Z 

l;iiit\iJ 'H' or"L' 

The write cycle is executed by the same manner as read cycle exceptfor the state of WE and DIN pins. The data on DIN pin is latched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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CAS 

A010Al0 

WE 

DIN 

VIH

VIL-

VIH_ 

VIL-

VIH

VIL-

VIH

VIL-

VIH

VIL-

DOUT VOH-

VOL-

DESCRIPTION 

Figo 6 - READ WRITE/READ-MODIFY-WRITE CYCLE 

The read-modify-write cycle is executed by changing WE from "H" to "L' after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 

MBS14101-S0 
MBS14101-10 
MBS14101-12 

I~~\~:I "H"orOLO 

I;~:::~;:J Inv,"id Dala 
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MB814101-SO 
MB814101-10 
MB814101-12 

RAS 

/itJ toAl0 

2-320 

Fig. 7 - NIBBLE MODE READ CYCLE 

@ lnvalldData 



CAS 

Aa to Ala 

DIN 

DOUT 

Fig. 8 - NIBBLE MODE WRITE CYCLE (Early Write) 

~---------------------IRM ----------------------~ 

MB814101-80 
MB814101-10 
MB814101-12 

V IH - ~r.-:--"""":lh 
VIL _ 

V IH -

V IL -

V OH -

VOL - --------------------------HIGH-Z----------------------------
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MBS14101-80 
MBS14101-10 
MBS.14101-12 

VIH
RAS VIL-

Fig. 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE 

VH_-.... ..;..;..-.....,h. 
CAS 

IvJ to Al0 

VIL-

VIH_ 

VIL-

WE VIH-
VIL-

DIN VH-
VIL-

Dour VOH- ~~Z'IG V~_---------------4#f~L-__ ~ 

IOH 
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'R)!;S" 
V 1H -

V 1L -

AotoAg V 1H -
V 1L -

~ V 1H -
V 1L -

DOUT 
VOH -
VOL -

DESCRIPTION 

Fig. 10 - RAS-ONLY REFRESH (WE, DIN, A10 = "H" or "L") 

MBS14101-S0 
MBS14101-10 
MBS14101-12 

1---------- t RC ---------.... 

Iti@lU ~. or -L-

The refresh of DRAM is executed by normal read, write or read-modify-write cycle, i.e., the cells on the one row line are also refreshed by 
executing one ofthree cycles. 1024 row address must be refreshed every 16.4ms period. During the refresh cycle, the cell data connected to 
the selected row are sent to sense amplifier and re-written to the cell. The MB8141 00 has three types of refresh modes, RA8-0nly refresh, 
CAS-before-AAS refresh, and Hidden refresh. 
The mrn-only refresh is executed by keeping 1IAS"L· an~ ·H" throughout the cycle. The row address to be refreshed is latched on the 
falling edge ofRAs. During ~8-0nly refresh, the DOUT pin is kept in a high impedanca state. 

Fig. 11 - CAS-BEFORE-RAS REFRESH (AO to A10, DIN="H" or "L") 

RAs' V 1H -
V 1L -

CiiS V 1H -
V 1L -

WE V 1H -
V 1L -

DoUT V OH -

VOL -

DESCRIPTION 

The CA""S-before-RAs refresh is executed by bringing CAs ·L" before Ms. By this timing combination, the MB814100 executes 
CAS-before-AAs refresh. The row address input is not necessa~cause it is generated internally. 
WE must be held "H" for the specified set up time (tWSR) before RAS goes "L" in order not to enter "test mode· to be specified later. 
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MBS14101-S0 
MBS14101-10 
MBS14101-12 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

Ao to Al0 
VIH-

(Read) VIL-

WE VIH-

(Read) VIL-

Dour 

WE 
VIH-

(ReadiWrite VIL-
Cycle) 

DIN 
VIH-

VIL-

DESCRIPTION 

Fig. 12 - HIDDEN REFRESH CYCLE 

U~~~~t~~fl ~ H " or • L " 

, .. ,:::,,<» Invalid Data 

The hidden refresh is executed by keeping CAS "L" to next cycle, i.e., the output data at previous cycle i~t during next refresh cycle. Since 
the CAS is kept low continuously from previous cycle, followed refresh cycle should be CAS-before-RAS refresh. 
WE must be held "H" for the specified set up time (tWSR) before RAS goes "L" for the secound time in order not to enter "test mode" to be 
specified later. 
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PACKAGE DIMENSIONS 
(Suffix : -P) 

IS-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-18P-M04) 

r-- 868+.008(22 05+0.2QI~ I", ",." -.012 . -0.3U' ,n..., I 

=>&: : : : : : ~ J3?'%~ 1.62) 
VP 
I 

... ---

I - -

MBS14101-S0 
MBS14101-10 
MBS14101-12 

11·032~i?'2 II .041~i?'2 .010~:~ 
(0.82~g·30) (1.20~g.30) 

1 

D D !~f ~qL 
.050(1.21) .100(2.54) .018~:gg~ .020(0.51) MIN 

MAX TYP 

© 1911 FUJITSU LIMITED DIIOI5S-4C 

191(5.00) MAX 

125(3.18) MIN 

Dimensions in 
inches (miHimeters) 
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MB814101-80 
MB814101-10 
MB814101-12 

PACKAGE DIMENSIONS (Continued) 
(Suffix : -PJN) 

LEAD No.CD 
.050±.005 

(1.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P-M04) 

*.676±.005 
(17.15±0.13) 

I 
.300(7.62) .332±.005 

LJ mT'" 

"A'" 

~. ~_'~'N~ 
o I .004(0.10) 

.140(3.55)MAX 

.089(2.25)NOM 

.025(0.64IMIN 

1 
.268'.020 

~0.51) 

--l I .017±.004 
-(0.43±0.10) 

Details of HA" part 
NOTE: 1 .• : This dimension includes resin protrusion. (Each side: .006(0.15)MAX) 

2. Although this package has 20 leads only. its pin positions are the same as that of 26·lead package. 

019811 FUJITSU LIMITED C280648.1C 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 

MBS14101-S0 
MBS14101-10 
MBS14101-12 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(Case No. : LCC-26P-M03) 

LEAD No.1 

... 
.67S±.00S 

(17.1S*0.13) 

.1 I .. 10~~S4) I 
.600(15.24) REF::==.) 

"A" 

... This dimension includes resin protrusion.(Each side: .006(0.1S) MAiO 

© lBBB FUJITSU LIMITED C26053S -1 C 

152 (3.SS) MAX 

.094(2.40) NOM 

.02S(0.64) MIN 

~~~I 
.31S±.020 

(S.OS±0.S1) 

--J)~ 
r---------------. 
I Details of "A" part I 

I 

.0~!~SlI : 

Dimensions in 
inches (millimeters). 
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MB814101-80 
MB814101·10 
MB814101·12 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(Case No.: ZIP-20P-M02) 

r--1 019+·00B(25 BB+0.20) 1;--==' -.012 . -0.30 

I 
INDEX 0 .335±.0 d' IB.50±0 

10 
.25) 

~~~~~~~~.~ 

.05011.27) 
TYP 

.020±.004 
10.50±0.10) 

LEADNO'~ 

.~ 
IBOTTOM~ 

© 1989 FUJITSU LIMITED Z20002S-4C 
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.010±.002 
10.25±0.05) 

'-

112±00B 
12.BUO.20) 

.1 
.3BH.013 

19.B3 ± 0.33) 

.11 BI3.00) MI N 

----1. 
.10012.54) TYP 

R W SPACE 10 

Dimensions in 
inch •• lmillinieters) 



November 1990 
Edition 1.0 

MB814101-BOU-10U-12L 
DATA SHEET 

cP 
FUJITSU 

CMOS 4M X 1 BIT NIBBLE MODE LOW POWER DYNAMIC RAM 

CMOS 4M X 1 Bit Nibble Mode Low Power Dynamic RAM 
The Fuj~su MB814101 is afully decoded CMOS dynamic RAM (DRAM)thatcontainsa 
total of 4,l94,304memorycells in ax 1 configuration. The MB814101 features a nibble 
mode of operation whereby high-speed serial access of up to 4 bits of data can be 
selected. The MB8141 01 DRAM is ideally suited for mainframes, buffers, hand-held 
computers, and other memory applications where very low power dissipation and 
compact layout are basic requirements of the design. Since the standby current of the 
MB814101 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814101 is fabricated using silicon gate CMOS and Fujitsu's advanced 
Four-layer Polysilicon process. This process, coupled w~h three-dimensional stacked 
capacitor memory cells, reduces the possibil~ of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB8141 01 are 
not critical and all inputs are TTL compatible. 

Features 

• 4,194,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1024 refresh cycles every 128 ms 
• Common VO capabil~ by 

using early write 

• ~ only, "C}(S-before-~, or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Pennanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be restricted to the oonditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating oonditions for ex
tended periods may affect device reliability. 

CopyrIght © 1990 by FUJITSU LIMITED and Fujitsu Mlcruo1oclJonlcs. Inc. 

DIP-18P-M04 

LCC-26P-M04 

LCC-26P-M03 

ZIP-20P-M02 

T.B.D. T.B.D. 

FPT-26P-M01 FPT -26P-M02 

Thll ckMca contains clrcuhry to protect the Inputs against 
dimago due to high SIalic vonag .. or 01edr1c _. Howewr. I 
10 _ !hat ... maI _Ions be taksn to avoid _icallon 
01 any voltage higher than maximum rated voIIagea to this high 
lrT1:Jedance circuit. 
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June 1990 
Edition 1.0 

MB814400-BO/-10/-12 
DATA SHEET 

cP 
FUJITSU 

CMOS 4, 194,304 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 1,048,576 X 4 Bits Fast Page Mode Dynamic RAM 
The Fujitsu MB814400 is a fully decoded CMOS Dynamic RAM (DRAM) that contains 
a total of 4,194,304 memory cells accessible in 4-bit increments. The MB814400 
features a fast page mode of operation whereby high-speed, random access of up to 
1,024-bits of data within the same row can be selected. The MB814400 DRAM is 
ideally suited for mainframes, buffers, hand-held computers, video imaging equip
ment, and other memory applications where very low power dissipation and high 
bandwidth are basic requirements of the design. Since the standby current of the 
MB814400 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu's advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB81400 are 
not critical and all inputs are TTL compatible. 

Features 

• 1,048,576 words x 4 bits 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1024 refresh cycles every 16.4 ms 
• Early write or'OE controlled 

write capability 

• rotS only, UJtS-before-rotS, or 
Hidden Refresh . 

• Fast page Mode, Read-Modify-Write 
capability 

• OrH:hip substrate bias generator for 
high performance 

Absolute Maximum Ratings (See Note) 

Note: Pennanenl device damage may oocur H absolute maximum ratings ant ellG88ded. 
Functional operelion should be reslriCllld to Ihe conditions as detailed in Ihe aparalion 
sections of this dala sheel Exposure to absolula maximum rating conditions for ex
landed periods may affect device reliability. 

~ht© 11180byFWITSULIMITED IOIdFujIlluM_ ... Inc. 

DIP-20P-M03 

LCC-26P-M04 

LCC-26P-M03 

ZIP-20P-M02 
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MBB14400-BO 
MBB14400-10 
MBB14400-12 

Fig. 1 - MB814400 DYNAMIC RAM - BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

CAPACITANCE (TA= 25°C, f = 1 MHz) 

Inpul Capacilance, AO 10 A9 

InpUI Cal>acitalnce.RAs,CAS, WE, OE 

InputIOutput Capacitance, DOl 10 DQ4 Coo 
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DOl 10 
DQ4 

5 pF 

5 pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 

00, 

002 

WE 

RAS 

A9 

AD 

A, 

A2 

"3 

Vee 

2G-Pln DIP: 
(TOP VIEW) 

Vss 

DQ4 

D03 

CAS 
DE 

A8 

A7 

A 8 

AS 

A4 

00' 
002 

WE 
RAS 

Ag 

AD 
A, 

A2 
A3 

Vee 

26-PlnSOJ: 
(TOP VIEW) 

2G-PlnZIP: 
(TOP VIEW) 

CAS DQ4 00' WE A9 A' A3 A4 A6 A8 
2" 4 n 6n an 10n 12"'4 n 16" 18n 20" 

~yn~~n~"¥,n~~~n~n¥sn 
De D03 V SS D02 RAS AD A2 Vee AS A7 

VSS 
DQ4 

D03 

CAs'" 
OE 

"S 
A7 
A 8 
AS 
A4 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage 

Input High Voltage, all inputs 

Input Low Voltage, all inputs VIL -2.0 O.S 

Input Low Voltage, DO( *) VILD -1.0 O.S 

* : Undershoots of up 10 -2.0 volts with a pulse width not exceeding 20ns are acceptable. 

V 

V 

V 

V 

MBS14400-S0 
MBS14400-10 
MBS14400-12 

o OC 10 +70·C 
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MBS14400-S0 
MBS14400-10 
MBS14400-12 

FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any four of 4,194,304 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separatsly strobed by~ and~ as shown in Figure 1. First, ten row address bits are input on pins AO--Ihrough-A9 and 
latched with the row address strobe cmrn ) then, ten column address bits are input and latched with the column eddress strobe ~ ). Both row and 
column addresses must be stable on or before the falling edge o~ and~, respectively. The address latches areof the flow-through type; thus, 

address information appearing after IRAH (min)+ IT is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of three basic waY&--iln early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or ~ , whicliever is later, serves as the input data-iatch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by 
~ and the s9tuplhold times are referenced to ~ because WE goes Low before ~ .In a delayed write or a read-modify-writecycle, WE goes 
Low after ~ ; thus, input data is strobed by WE and all setuplhold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high--impedance state until the column eddress strobe goes Low. Whan a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAe : from the falling edge ofltlrn when tRCO (max) is satisfied. 

tCAC: 

tAA 

tOEA: 

from the falling edge of~ when tRCD is greater than tRCD (max). 

from column address input when IRAD is greater than tRAD (max). 

from the falling edge of OE when OE is brought Low after tRAC, tCAe, or 1M 

The data remains valid until either ~ or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 

FAST PAGE MODE OF OPERATION 

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the 
same row address and strobing in successive column addresses. To satisfy these conditions,~ is held Low for all contiguous memory cycles in 
which row addresses are common. For each fast page of memory, any of 1,0244>its can be accessed and, when multiple MB 814400s are used, ~ 
is decoded to select the desired memory fast page. Fast page mode operations need not be addressed sequentially and combinations of read, write, 
andlor ready-rnodify-write cycles are permitted. 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted) 

Input leakage current (any input) II(l) 

Output leakage current I Call) OV:;;Vou~ 5.5V; 
Data out disabled 

Operating current 
RAS & CAS cycling; (Average Power ICCl 

supply current) IRC = min 

Standby current 
(Power supply IC02 
current) CMOS level RAs=CAS ~Vcc ...{J.2V 

~ = VIH. ~ cycling; 
Ico3 

IRC = min 

ICC4 
lIltS =Vll. ~ cycling; 

current Ipc = min 

RAscycling; 

lcos ~-before-~; 
IRC = min 

Notes 3 

-10 

-10 

MBS14400-S0 
MBS14400-10 
MBS14400-12 

10 

10 

mA 

mA 
1.0 

mA 

mA 

mA 
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MBB14400-BO 
MBB14400-10 
MBB14400-12 

AC CHARACTERISTICS 
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Notes: 
1. Referenced to VSS. 
2. Icc depends on the output load conditions and cycle rates; The 

specified values are obtained with the output open. 
Icc depends on the number of address change as'"RAS = VIL and 
~ = VIH, VIL > -<l.5V. 
Icc1, ICC3 and Ices are specified at three time of address change 
during '"RAS = VIL and ~ = VIH. 
1CC4 is specified at one time of address change during -rom = VIL 
and ~=VIH. 

3. An Inilial pause (ltliS = ~ =VIH) of 200~ is required afler 
power-op followed by any eight'"RAS -(lnly cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimum of eight ~ -before-1!17iS initialization 
cycles instead of 8'"RAS cycles are required. 

4. AC characleristics assume tr = 5ns. 
5. VIH (min) and VIL (max) are reference levels for measuring 

timing of input signals. Also transition times are measured 
between V IH (min) and V IL (max). 

6. Assumes that tRCO~ tRCO (max), tRAO~ tRAO (max). If tRCO is 
greater than the maximum recommended value shown in this 

table, tRAC will be increased by the amount that IRco exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. IftRCO;;::tRCO (max), tRAO;;::tRAO (max), andtASC ;;::tAA -!cAC
tTl access time is tcAC . 

MB814400-80 
MB814400-10 
MB814400-12 

8. IftRAO;;::tRAO (max)andlAsc~IAA -tCAC -tT,accesstimeis 
tAA . 

9. Measured with a load equivalent to two TIL loads and 100 pF. 
10. toFF and tOEZ is specified that output buffer change to high 

impedance state. 
11. Operation within the IReD (max) limit ensures that tRAe (max) 

can be met. tRCO (max) is specified as a reference point only; if 
tRCO is greater than the specified IRco (max) limit, access time is 
controlled exclusively by!cAC or I AA . 

12. tRCO (min) = tRAH (min)+ 2tT + tASC (min). 
13. Operation within the tRAO (max) limit ensures that tRAC (max) 

can be met. tRAO (max) is specified as a reference point only; if 
tRAO is greater than the specified IRAO (max) limit, access time is 
controlled exclusively by!cAC or t AA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 
15. twcs isspecifiedasareferencepointonly.lf~s ;;::twcs (min) 

the data output pin will remain High-Z state through entire cycle. 
16. Assumes that twcs < twcs (min). 
17. Either tozc or tozo must be satisfied. 
18. tCPA is access time from the selection of a new column address 

(that is caused by changing ~ from 'L" to OW). Therefore, if 
!cP is long, !cPA is longer than !CPA (max). 

19. Assuemes that ~ -before--ltliS refresh. 

2-337 



MBS14400-S0 
MBS14400-10 
MBS14400-12 

I RAC (ns) 160 

140 

120 

100 

80 

60 .,.. 
I 

20 

Fig. 2 -IRAC vs. IRCD 

I 
I 
I 
II • 40 60 80 100 120 

I RCD (ns) 

FUNCTIONAL TRUTH TABLE 

Standby H H X X 

Read Cycle L L H L Valid Valid 

Write Cycle 

(Early Write) L L L X Valid Valid 

Read-Modify-

Write Cycle L L L~H Valid Valid 

'RitS-only 
Refresh Cycle L H X X Valid 

CAs-before-
RAS Refresh L L H X 
Cycle 

Hidden Refresh L H L 
Cycle 

X; 'H" or'L" 
'; It is impossible in Fast Page Mode 
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Fig. 3 -ltlAc vs. I RAD 

I RAC (ns) 160 

'oo",~m/ 140 

120 

100ns Version 
100 -Yj 

80ns Version I 
80 i 'l 

I I I 
60 I II 

I I I 
"l: II I I I I • 20 40 60 80 100 120 

I RAD (ns) 

High-Z 

Valid Yes * tRcs~tRCS (min) 

Valid High-Z Yes twcs~twcs (min) 

Valid Valid Yes 

High-Z Yes 

High-Z Yes tCS~tWCSR (min) 

Valid Yes Previous data 
is kept. 



RAS 

CAS 

AotoAg 

WE 

DO 
(OutpUI) 

DQ 
(Inpul) 

OE 

Fig. 4 - READ CYCLE 

.... ---------- lAC 

___ -,/ ~------IRAS ------.. 11 ___ '\.1 
V IH -

VIL -

V IH -

V IL -

V IH -

V IL -

V IH -

V IL -

VOH -

VOL _ 

V IH -

V IL _ 

V IH -

VIL -

MB814400·80 
MB814400-10 
MB814400·12 

DESCRIPTION 
• -H. or ... • 

T.~lamonta __ ation ... alldodd .... I.llIChodlnbyllle iiAS and CAs add ..... _ond.wIIhWe .atto. Highloveiond 

OE lOt to a Low 1oveI. tho 0UIpUt II valid .... the memol)'''''' tlmo has olapoed. Tho ...... tlmo 10 dllhlrm!nod by RAS ( t RAe ) • 
CAS (t CAe ). OE. (t OEA ) or _om add ...... (t All ) uncfo,the I_g ooncfRion.: 

• I t ReO • t ACD (maxi. __ tlmo. t CAe. 

• n t RAD • t RAe (max) ....... tlmo - t AA. 

•• OE Is brought Low alto, I RAe. I CAe • or I AA (Which ovo, occuralator). _ Umo. I OEA. 
However •• ellho, CAS or De gooo Hlgh.lho output relu, .. I. a hlgh-l""""'""oo ..... _ t OH 10 IaIlsliod. 
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MBS14400-S0 
MBS144DO-10 
MBS14400-12 

Fig, 5 - EARLY WRITE CYCLE (OE = "H" or "L") 

RAS 

CAS 

AotoAg 

WE 

DO 
(Inpul) 

VIH -

VIL -

VIH -

VIL -

VIH -

VIL -

I RAS 

ICSH 

VALID 
DATA IN 

IRe 

I RSH 

I CAS 

IRAL 

DO VOH - ______________________________ __ 

(OUlpUI) VOL _ HIGH-Z 

DESCRIPTION 

-I 

A write cycle Is similar to a read cycle except WE is set to a Low state and OE Is a -H" or -L- signal. A write cycle can be ifTlllemented 

In either of three ways - early write, OE write (delayed write). or read-modlfy-wrlte. During all write cycles, timing parameters t RWL I 
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t CWL and t RAL mU$1: be sattsfied. In the early write cycle shown above t WCS satisfied, data on the DO pins Is latched with the falling 

edge of CAs and written Into memot)'. 

I RP 

11;\::;;1 'H" or "L" 



Fig. 6 - OE (DELAYED WRITE CYCLE) 

~----------------------I~ 

RAS 
VIH -

VIl -

CAS VIH -

VIl -

AOIO-\. 
VIH -

V1L -

We VIH -

VIL -

DO VIH -

(Input) VIl -

DO Vow -
(Oulput) VOl. -

Oe 
V1H -

V1L -

DESCRIPTION 

In'" De ~ -I cycle, I wcs 10 not _;Ihul.lho _ .. ""'00 p/nIlI .... hedwlth Ihefll1lng odgo 01 We ond _. Into 

_. ThoOulputEn_(iiE )1IgnoI_boclllngodftomi.OWIOHlghbofore WE _i.OWUOED' 'T' 1 DB ~ 

MB8144D0-80 
MB814400-10 
MB814400-12 

.Invddllola 
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MB814400-80 
MB814400-10 
MB814400-12 

V IH -
RAS V IL -

CAS V IH -

V IL -

Aoto\ 
V IH _ 

V IL -

WE V IH -
V IL _ 

DO V IH -

(Input) V IL -

DO V OH -

(Output) VOL -

OE V IH -

V IL -

DESCRIPTION 

Fig" 7 - READ-MODIFY-WRITE-CYCLE 

tRW(; 

The raad-modlfy-wrlle cyde. executed by changing WE: from High to Low after the data 8f)pears on the DO pins. In the read-modlfy-wrhe 

cycle, OE must be changed from Low to High after the memory acoe .. time. 
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Fig. 8 - FAST PAGE MODE READ CYCLE 

V1H -
RAS V1l -

CAS 
V1H -

V1l -

AotoAg 
V1H -
V1l -

V1H _ 

WE V1l -

DO V1H -

(Input) V1l -

DO 
VOH 

(Output) VOL 

OE 
V1H -

V1l -

DESCRIPTION 

The f~ page mode of operation permits faster successive memory operations 81 multiple column locations of the same row address. this 

operation is performed by strobing in the row address and maintaining RAs at a Low level and We al a High level during all successive 

memory cycles In which the row address is latched. The access lIme Is determined by I CAe. t AA • I CPA • or tOEA I whichever one 

Is the latest In occuring. 

MBS14400-S0 
MBS14400-10 
MBS14400-12 

I~,~~·:·:::J Va6d Data 
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MB814400-80 
MB814400-10 
MB814400-12 

DO vlH -
(Input) V -L 

DO VOH -
(Output) VOL _ 

DESCRIPTION 

Fig, 9 - FAST PAGE MODE WRITE CYCLE (OE = "H" or "L") 

HIGH-,Z 

lho' ... ___ wrllec:yclo .. __ 'n ........ manne' ......... pag. ___ c:ycIo ...... ,he_ .. WE ond ii ... _ 
Dot. -'"II"'" DO """ ........... ""lIIng edge" CAS ondwrltten Into..-y. During """.' ____ .,..., including 

... !fOI..,COE l_ond-.-,......lIecyolol, 'CWL .... '110_ 
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Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 

V'H-
RAS 

V'L -

CAs 
V'H-

V'L _ 

Aoto~ 
V'H-

V'L -

V'H-
WE 

V'L _ 

DO V'H-

(Input) V'L-

DO VOH -

(Output) VOL -

V'H-
OE 

V'L -

DESCRIPTION 

The fast page mode OE (delayed) write cycle Is executed In the same manner as the fast page mode write cycle except for the states of 

WE and DE. Input data on the DO pins are latched on the falling edge of WE and written into merrory. In the fast page mode delayed write cycle, 

'C'iE must be changed from low to High before WE goes Low (t OED + t T + t os). 

MBS14400-S0 
MBS14400-10 
MBS14400-12 

r~t?~i\iil "w or ML· 

• Invalid Data 
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MB814400-80 
MB81440D-10 
MB8144OD-12 

RAS 
V,H -

VIl -

CAs 
V,H -

VIl -

AOIDAg 
VIH -

V,L -

WE 
V,H -
V,L _ 

DO V,H -

(Input) V,L -

DO VOH-

(Output) VOL -

OE 
VIH -

V,L -

DESCRIPTION 

Fig, 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

During , .. t pago modo of aporatIon. tho rood-mICIlfy-wrIIo cycIo can be uocutocf by -!nO WE from High to Low _Input __ at 

tho DQ pins du~ng a normal cyde. 
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Flg.12- RAS-DNL Y REFRESH (WE = DE = "H" or "L") 

~----------- t RC 

MBB14400-BO 
MBB14400-10 
MBB14400-12 

DO VOH 
(Output) VOL ----------------~f-----------------HIGH-Z-----------------------

DESCRIPTION 

Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycle at each of 1024 rCHI addresses every 

16.4-milliseconds. Three refresh modes are available:RAs-only refresh, CAs-bafore-AAS refresh, and hidden refresh. 

RAS-onlY refresh Is performed by keeping RAS low and CAs High throughout the cycle; the row address to be refreshed is latched on the 

failing edge ofRAS . During RAS-only refresh. DO pins are kept in a high-impedance state. 

F::::::!::!J ~H" or "L" 

Fig. 13 - CAS-BEFDRE-RAS REFRESH (ADDRESSES = DE = "H "or "L") 

11J'iS" V 1H -

V 1L -

"CAS" V 1H -

V 1L -

M V 1H -

V 1L -

DO V OH 
(Output) VOL 

DESCRIPTION 

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 

specJfied setup time ( t eSR ) before Ms goes low, the on-chlp refresh control clock generators and refresh address counter are enabled. An 

Internal refresh operation automatically occurs and the refresh address counter is internally incremented In preparation for the next 

CAS -before-RAs refresh operation. 

WE must be held High forthe specified set up time (tWSR) before RAS goes Low in order not to enter "test mode~to be specified later. 

Iii ·H· or ·L· 
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MBS14400-S0 
MBS14400-10 
MBS14400-12 

i'iAs' 
V 1H -

V 1L -

CAs' 
V 1H -

V 1L -

Ao to Ag 
V 1H -

V 1L -

V 1H -

WE 
V 1L -

V 1H -

Fig" 14 - HIDDEN REFRESH CYCLE 

~------------tRC------------~~---------

DO 
(Input) V 1L -

>---t--------------HIGH-Z-----------< 

DO 
V OH -

(Output) VOL -
VALID DATA OUT 

V 1H -

OE V 1L _ 

DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the actiVe time of CAS and 

cycling m. The refresh row address is provided by the on-chlp refresh address counter. This eliminates the need for the external row address 

that Is required by DRAMs that do not have CAs -beiortHtM refresh capability. 

We must be held High for the specified set up time (tWSR) before RAS goes Low In order not to enter -test mode- to be specified later. 
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PACKAGE DIMENSIONS 
(Suffix : -P) 

.050(1.27) 

MAX 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-20P-M03) 

H R H J:U=~R H H H ~197(500)MAX 
! 'U U ~ ~ ~ .125(3 18) MIN 

II 018+ 006 
100(254) .' - 002 020(051) MIN 

TYP (045~g:b~) 

© 1988 FUJITSU LIMITED D20011S-1C 

MBS14400-S0 
MBS14400-10 
MBS14400-12 

Dimensions in 
inches (millimeters) 

2-349 



MB814400-SO 
MB814400-10 
MB814400-12 

PACKAGE DIMENSIONS (Continued) 

(SuffIx : -PJN) 

LEAD No.CD 
.050±.005 

11.27±0.13) 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26p·M04) 

*.675±.005 
(17.15±0.13) , 

.300(7.62) .332±.005 

L1 "T" 
.600(15.24)REF 

"A" 

.140(3.55)MAX 

.089(2.25)NOM 

.025(0.64)MIN 

NOTE: 1. *: This dimension includes resin protrusion, (Each side: .OO6(O.15)MAX} 

--J I .017±.004 
• (0.43±0.1 0) 

Details of "A" part 

2. Although this package has 20 leads only, its pin positions are the same as that of 26~lead package. 

019111 FWITSU LIMITED C26064S-1C 
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inches (millimeters) 



PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 

MBB14400-BO 
MBB14400-10 
MBB14400-12 

26-LEAD PLASTIC LEADED CHIP CARRIER 
(Case No. : LCC-26P-M03) 

LEAD No.1 

.050±.005 

(1.27±0.131 

'" .675±.005 
(17.15±0.131 

I 11O~~;541 I 
.600(15.241 REF~ 

"A" 

1 ·382±.005 
(9.70±0.131 

.350(8.891 

Lr 

'" This dimension includes resin protrusion.(Each side: .006(0.151 MAXI 
© 1988 FUJITSU LIMITED C26D53S-1C 

.152(3851 MAX 

!- 094(2401 NOM 

I::: 025(0.641 MIN 

~~I 
.318±.020 

(8.08±0.511 

~eb~ 
r---------------l 
1 Details of "A" part 

: .032(0.811 
I MAX 
I 
I 
I 
I 
I 
I 
I 
I 
I .017+ .004 : 
I 'I I' (0.43±0.101 I L ______________ J 

Dimensions in 

inches (millimeters). 

2-351 



MB814400~80 

MB814400-10 
MB81440~12 

PACKAGE DIMENSIONS (Continued) 
(Suffix: -PSZ) 

20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 

I 

INDEX 0 1335 0 / . ± . a (S.50±0 
10 

. 25) 

~nrn~rnffl~ffiWmn~.~ 

.050(1.27) 
TYP 

.020±.004 
(0.50±0.10) 

LEADNO'1srww~ 

(BOTTOM~ 

© 1989 FUJITSU LIMITED Z20D02S-4C 

2-35~ 

.010±.002 
(0.25 ± 0.06) 

~ 

112± OOS 
(2.85 ± 0.20) 

j 
.3S7±.013 

(9.83±0.33) 

.118(3.00) MI N 

---..l 
.100(2.54) TYP 

(ROW 5 PACE 

Dimensions in 
inches (millimeters) 



November 1990 
Edition 1.0 

MB814400-BOU-10U-12L 
DATA SHEET 

cO 
FUJITSU 

CMOS 1M X 4 BITS FAST PAGE MODE DYNAMIC RAM 

CMOS 1M x 4 Bits Fast Page Mode Low Power Dynamic RAM ,------::A"-------, 
The Fujitsu MB8141 00 is afullydecoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,194,304 memory cells in ax 1 configuration. The MB8141 00 features a fast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB8141 00 DRAM is ideally suited for 
mainframes, buffers, hand-held computers, and other memory applications where 
very low power dissipation and compact layout are basic requirements of the design. 
Since the standby current of the MB8141 00 is very low, the device can be used in 
equipment that uses batteries for primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu's advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB8141 00 are 
not critical and all inputs are TIl compatible. 

Features 

• 4,194,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TIl 
compatible 

• 1024 refresh cycles every 128 ms 
• Common 110 capability by using 

early write 

• R1'S only, 'CJrn-before-R1'S, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high perlormance 

DIP-20P-M03 

LCC-26P-M04 

LCC-26P-M03 

Absolute Maximum Ratings (See Note) ZIP-20P-M02 

Nota: Permanent device damage may occur if absolute maximum ratings are exceeded. 
Functional operation should be reslricl8d to Ihe conditions as detailed in 1I1e operation 
sections of this data sheet Exposure to absoluta maximum rating conditions for ex
tanded periods may affect device reliability. 

T.B.D. T.B.D. 

FPT-26P-MOI FPT-26P-M02 

__ contain, clroubryto _1118 Inp"" au"'" _0 duo to high slalle voIIagoo or ol_1e fiolds. H_, .• 
10 odvlaod .haI normal p,oc.ullano be Iakon to avoid appllcollon 
01 an, wfIago higher .h., maxlrrIJm ralod vofIag .. IDIhIs high 
Irnpodanco circuli. 
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Application Specific DRAMs - At a Glance 
Maximum 
Acce .. 

Page Device Time (ns) Capacity 

3-3 MB81461-12 120 DRAM: 262144 bil. 
-15 150 (64K x 4) 

SAM: 1024 bits 
(256 x4) 

3-35 MB814618-12 120 DRAM: 262144 bits 
-15 150 (64K x 4) 

SAM: 1024 bits 
(256 x 4) 

3-67 MB81CI501 25 Write: 1175040 bits 
(293760 x 4 xl) 
Read: 1175040 bits 
(293760 x 4 x 2) 

Section 3 

Package 
Options 

24-pin Plastic DIP, ZIP 

24-pin Plastic DIP, ZIP 

38-pin Plastic FPT 

3-1 
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January 1990 
Edition 3.1 

MB81461-121-15 
DATA SHEET 

cP 
FUJITSU 

262, 144-BIT DUAL PORT DYNAMIC RANDOM ACCESS MEMORY 
262,144 Bit Dual Port DRAM 

The Fujitsu MB81461 is a fully decoded, dynamic NMOS random access 
memory organized as 65,536 words by 4 bits dynamic RAM port and 256 words by 4 
bits serial access memory (SAM) port. 

The DRAM port is identical to the Fujitsu MB81464 with four bits of parallel 
random access 1.0 while the SAM port is designed as four 256-bit registers, each 
operating as a serial 1.0. The four serial registers operate in parallel with each other 
during SAM port operation. Intemal interconnects give the device the capability to 
transfer data bi-directionally between the DRAM memory array and the SAM data 
registers. 

The MB81461 offers complementary asynchronous access of both the DRAM 
and SAM ports, except when data is transferred between them intemally. The design is 
optimized for high speed and performance making the MB81461 the most efficient 
solution for implementing the frame buffer of a bit·mapped video display system. 
Multiplexed row and column address inputs permit the MB81461 to be housed in a 
4OQ-mil wide 24-pin DIP or ZIP package. Pinouts conform to the JEDEC-approved 
pinouts. 

The MB81461 is fabricated using silicon gate NMOS and Fujitsu's advanced 
Triple-layer Polysilicon process technology. This process, coupled with single 
transistor memory storage cells, permits maximum circuit density and minimum chip 
size. All inputs and outputs are TTL compatible. 

• Dual Port Organization 
64 K x 4 Dynamic RAM port (DRAM) 
256 x 4 Serial Access Memory port 
(SAM) 

• 24-pin DIP and ZIP packages 
• SiriClOn-gate, Triple Poly NMOS, single 

Iransisklr cell 

• DRAMPort 
Access Tme (1AAc1 

120 ns max. 1MB 81461·12) 
150 nsmax. (MB81461-15) 

Cycle Time (lsArll 
230 ns mmC(MB 81461-12) 
260 ns max. (MB81461·15) 

• SAMPan 
Access Tme ilsAc1 

40 ns max. 'M8111461-12) 
6Onsmax. MB81461·15) 

Cycle Time (i 
40 ns max. 81461-12) 
60 ns max. M8 81461·15) 

• Single +5 V Supply, ±10% toIenlnce 
• Real Tme, Read Transfer capability 
• Page Mode capability 

Absolute Maximum Raltincis 

• Power Dissipation 
DRAM' ActISAM' Stby 

523 inw max. 1MB 81461·12) 
468 mWmax. (MB81461-15) 

DRAM; StbyISAM; Ad 
275 mW max. (MB 81461-12) 
220 mW max. (MB 81461-15) 

DRAM; StbylSAM; Stby 
110 mW max. 

• Bi-directional date transfer between 
DRAM and SAM 

• Fast serial access asynchronous ID 
DRAM exceptlransI8r operation 

• Bit Masked Write Mode capabiltiy 
• 256 refresh cycles every 4 ms 
• ~nly, ~0I8.JW>. Hidden 

Refresh capability 
• =ed write and Read-Modify·Write 

'Iity 
• Standard 24-Pin Plastic Packages: 

DIP (MB81461·XXPl 
ZIP (MB81461-XXPSZ) 

Note: Permanent devioe damage may occur if absolute maximum ratings 818 exceeded. 
Functional operation should be restricted ID the conditions as detailed in the operation 
sections of this data sheet. ExposurelD absolute maximum rating conditions for ex· 
tanded periods may affect devioe reliabUity. 

~ @ 1lIII0 byFWITSU LIMITED and Fujl10u U_ronlco,lnc. 

PLASTIC PACKAGE 
Dlp·24P·M04 

PLASTIC PACKAGE 
ZIP·24P-M02 

PIN ASSIGNMENT 

00,1 
DQ2 R SI» $AS 

1 3 & 7 

BOTTOM VIEW 

___ .. _.I)'IO_""'lnpoa .... 
.-.-duelOhIgII_...--or __ ._,I 1I_ ..... ___ be.-IO_""'*"'*' 
'" an' ..... hlghor.h ... mulmum _...-- IOIhio hip 

~-
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MB81461·12 
MB81461·15 

Block Diagram 

AO 

Vcc-

Vss--

Pin Description 

Pin Number 

DIP ZIP 

1 7 

2.3.22,23 8,9,4,5 

4 10 

5,6,19,20 11,12,1,2 

-7 13 

8 14 

17,16,15 23,22,21, 
14,11,10 20,17,16, 
9,13 15,19 

12 18 

18 24 
21 3 

24 6 

3·4 
I 

Fig. 1 - BLOCK DIAGRAM OF MB 81461 and PIN DESCRIPTION 

MOO/DQO MD1/QQ1 MD2/D02 MD3/0Q3 

......................... 
Column Dec. 

SOD SQl So2 So3 

Symbol Parameter Mode 

SAS Serial Access Memory Strobe Input 

Soota SD3 Serial Oat. I/O 1/0 

TRIOE 
Transfer Enablel 

Input Output Enable 

MDO/Ooo 
to Mask DatalOata I/O I/O 
MD3/0OO 

MEIWE Mask Mode EnablelWrite Enabla Input 

RAS Row Address Strobe Input 

Ao to A, Address Input Input 

Vee Supply Voltage +5 V Power Supply 

CAS Column Address Strobe Input 

SE Serial port Enable Input 

VSS Ground Power Supply 



DESCRIPTION 
DRAM OPERATION 
RAS; 
This pin is used to strobe eight row-ad
dress inputs from AO to A7 pins and is 
used to select the operation mode of 
subsequent cycle, such as DRAM ope
ration or transfer operation (by TR/OE 
and bit mask write cycle or not (by 
MEIWE and MDO/DQO to MD3/DQ3). 
Since RAS = "L" is the active condition 
of circuit, to maintain RAS = "H" 
(standby condition) is effective to save 
power dissipation. 

CU; 
This pin is used to strobe eight column 
address inputs at the falling edge. CAS 
pin has the function to enable and dis
able the output at "L" and "H" respec
tively during the read operation. 
Another function of CAS is· to select 
"early write" mode conditioned by 
MEIWE = "L". 

ME/WE; 
This pin is used to select read or write 
cycle. li.fE1WE = "L" select write mode 
and MEIWE = "H" select read mode. 
Th is pin is also used to enable bit mask 
write cycle. If ME/wE = "L" at the fail
ing edge of RJ\S, bit mask write is en
abled. 

TR/m:; 
This pin is used to select Transfer oper
ation or not at the falling edge of"RAS, 
TR/m: = "H" enables DRAM operation 
and TRlM = "L" enables Transfer 
operation between DRAM and SAM. 
After the falling of RAS" with tYH, this 
pin is used for output enable. 
The TR/CE controls the impedance of 
the output buffers. TR/~ = "H" forces 
the output buffers at high impedance 
state. TR/m: = "L" leads the output 
buffers at low impedance state. But in 
early write cycle, the output buffers are 
high impedance state even if TRIM is 
low. 

AOtoA7; 
These are multiplexed address input 

pins and used to select 4 bits of 262,144 
memory cell locations in parallel within 
the MB 81461. The eight row address in
puts are strobed by RJ\S and followed 
eight column address inputs are strobed 
by CU. These are used to select the 
start address of serial access memory 
also. 

Moo/DQO to MD3/DQ3 
These are common I/O pins of DRAM 
port. I/O mode is as specified for each 
function mode in the truth table. 

Data Outputs: 
The output buffers have three-state 
capability "H", "L" and "High-Z". To 
get valid output data on the pins, one of 
the rllad operations is selected such as 
"read" or "read-modify-write" mode. 
During a refresh cycle, either RJ\S-only 
or CAS-before-RJ\S mode is selected, 
output buffers are set in "H igh-Z" state. 

Data inputs: 
These are used as data input pins when a 
data write mode such as "Early-Write", 
"Delayed Write" or "Read-modify
Write" is selected. In any of the above 
cases, these pins are set at "High-Z" 
state to enable data-in without any bus 
conflict. 
In any operation mode, read, write, re
fresh, transfer and their combined func
tions, output states "H", "L", "High-Z" 
are set by control signals RAS, CAS, 
MEIWE and/or TR/OE. When "Bit mask 
write" mode is set, these pins are used 
as a control signal for write inhibit with 
MDi/DQi = "L" on the selected bit i. 

Page Mode; 
The page mode operation is to strobe 
the column address by CAS while RAS 
is maintained at "L" through all the suc
cessive memory operations if the row 
address doesn't change. This mode can 
save power dissipation and get the faster 
access time due to the elimination of 
RAS falling edge function. 

Refresh; 

MB81461-12 
MB81461-15 

Refresh of the D RAM cells is performed 
for every 256 rows per every 4 milli
seconds. 
The MB 81461 offers the following 
three types of refresh. 
1) RA5-0nly refresh; The RAS-Only re

fresh is performed with CAS-"H" 
condition. Strobing every 256 row 
addresses with RAS will complete all 
bits of memory cell to be refreshed 
while all outputs are invalid due to 
"High-Z" state. Further RA5-0nly re
fresh saves the power dissipation sub
stantially. 

2) CAS-before-RAS refresh; The CAS
before-RAS refresh offers an alter
nate refresh method. If CAS is set 
low for the specified period (tFCS) 
before the falling edge of RAS, re
fresh control clock generator and re
fresh address counter are enabled, 
and an refresh operation is per
formed. After the refresh operation 
is performed, the refresh address 
counter is incremented automatically 
for the next CAS-before-RASrefresh. 

3) Hidden refresh; The hidden refresh is 
performed by maintaining the valid 
data of last read cycle at MD/DQ 
pins while extending CAS low_ The 
hidden refresh is equivalent to CAS
before-RAS refresh because CAS 
stays low when RAS goes to low in 
the next cycle. 

Bit Mask Write; 
This mode is used when some of the bits 
should be inhibited to be written into 
cells. The bit mask write mode is exe
cuted by setting"ME1WE = "L" at the 
fall ing edge of liAS during write mode 
(early, delayed write or read-modify
write cycle). The bits to be masked (or 
inhibited to write) is determined by 
MD/DQ state at the falling edge of RAS, 
for example, if MDO/DQO and"MEtWE 
are both low at the falling edge of liAS, 
the data on M DO/DQO P in is not written 
into the cell during the cycle. Refer to 
the Fig. 2. 
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M881461·12 
M881461·15 

EXAMPLE OF BIT MASK WRITE OPERATION 

Falling edge of RAS 
Function 

TR/OE ME/WE MDO/DOO MOl/DOl MD2/D02 MD3/D03 

H X X X X Write enable 

H 
L H L 

Write enable for 000 and 002 
L H Write disable for 001 and 003 

FUNCTIONAL TRUTH TABLE FOR DRAM OPERATION 
X. Don t Care 

RAS CAS ME/WE TR/OE ADDRESSES MDO/DOO to Function MD3/D03 
H H X X X X Standby 

L L H H~L Valid Valid Data Out Read 

L L L* H~X Valid Valid Data In Early Write 

L L H-+L H~X-+H Valid Valid Data In Delayed Write 

L L H~L H~L""H Valid Valid Data Out Read·Modify·Write .... Valid Data In 
L H X H~X Row address High·Z RAS·Only Refresh 

H+L L X H~X X High·Z CAS-before-RAS Refresh 
*: If ME/WE = "L' at the fallong edge of RAS, bit mask wnte mode IS enabled. 

TRANSFER OPERATION: Pseudo Write Transfer: 
The transfer operation is featured in the 
MB 81461 B. This mode is used to trans
fer simultaneously 256x4 data from 
DRAM to SAM or from SAM to DRAM. 
The direction of transfer is determined 
by the state of ME/WE at the falling 
edge of RAS. ME/WE="H" defines the 
transfer from DRAM to SAM (Read 
Transfer Cycle) and MEIWE="L" de
fines the transfer from SAM to DRAM 
(Write Transfer Cycle). 
I/O mode of SDO to SD3 determined 
while the transfer operation is set (TR/ 
OE="L") conjunctioned with MEIWE 
state. 
After Read Transfer Cycle, please apply 
two' or more SAS Clock. 

TR/OE; 
This pin is used to enable transfer oper· 
ation at the falling edge of RAS. 

MEIWE; 
This pin is used to select the direction 
of transfer at the falling edge of RAS. 

AOto A7; 
These pins are used to select the row 
address of DRAM port to be transfered 
from or to, and the start address of 
SAM port for the serial read or write 
operation. The row address is strobed 
by "RAS" and the start address is strobed 
by CAS". 

3·6 

To start serial write cycle, the SO pins 
must be set in input mode. To do this, 
write transfer cycle should be executed. 
The pseudo write transfer cycle is to 
change the SO pins into input mode 
without data transfer from SAM to 
DRAM. Refer to Fig. 3. 

Refresh during transfer cycle; 
DRAM and SAM are refreshed during 
transfer cycle as shown below. 
1) Read transfer cycle: 

During read transfer cycle, the 
selected row address of DRAM to be 
transfered to SAM is refreshed. SAM, 
data are kept by applying 256 SAS: 
clocks with in 4 ms after the read 
transfer cycle. 

2) Write transfer cycle: 
During write transfer cycle, the new 
data are written from SAM to DRAM 
and this row address should be re
freshed within 4 ms. 
But SAM data are not refreshed 
during write transfer cycle. There
fore, the SAM refresh (applying 256 
SAS clocks within 4 ms) must be 
executed. Especially, when the write 
transfer cycle is executed conti
nuously, 256 SAS clock should be 
applied within 4 ms. 

SERIAL ACCESS OPERATION: 
The MB 81461 has 256 words by 4 bits 
Serial Acess Memory (SAM) correspond
ing to 64K words by 4 bits DRAM and 
the fast serial read/write access is 
achieved by SAM architecture. Read or 
write cycle is determined when the last 
read or write transfer operation is exe
cuted. If the last transfer operation was 
read transfer, the serial read cycle is 
performed until the next write or 
pseudo write transfer cycle is executed. 
On the other hand, if the last transfer 
operation was write or pseudo write 
or pseudo write transfer, the serial write 
cycle is performed. In the serial write 
operation, 256 words by 4 bits data 
stored in the SAM can be transfered to 
DRAM under SE="L" condition, and 
SE="H" condition disables data transfer 
from SAM to DRAM. The serial access 
operation can be done asynchronously 
from DRAM port. 

SAS; 
This pin is used as a shift clock for SAM 
port: The serial access is triggered by the 
rising edge of SAS. In the write cycle, 
the data of the SO pins are strqbed by 
the rising edge of SAS and written into 
the selected cell. In the read cycle, out-



put data become valid after t SAC from 
the rising edge of SAS and the data re
main valid until the next cycle is de
fined. The SAS clock increments the 
SAM address automatically. When the 
SAM address exceeds #255 (Most Sig
nificant Address) it returnes to #{J 
(Least Significant Address). 

SE:. 
This pin is used to enable serial access 
operation by bit to bit. S£ = "H" dis
ables serial access operation. In the 
serial read operation, this pin is used for 
output enable, i.e., SE = "H" leads SO 
pins to "High-Z" state. se- = "L" leads 
SO pins to valid data with specified ac
cess time. In the serial write operation, 
this pin works as write enable control 
pin. 

SOOtoS03; 
These are used as data input/output pins 
for SAM port. Input or output mode is 
determined by last occured transfer 
operation, if last transfer operation was 
read transfer mode, they are output 
mode. If the write transfer mode was 
set, SO pins are enabled to write data 
into SAM. 

Refresh; 
Since the SAM is constructed by dy
namic circuitry, the refresh is necessary 
to maintain the data ,in it. The refresh 
of SAM must be done by 256 cycles 
of SAS clock/4ms in either output or 
input mode. SE = "H" allows refresh 
of SAM with SO pins at "High-Z" state. 

Real Time Read Transfer; 
Th is feature is applicable to obtain valid 

MB81461-12 
MB81461-15 

data continuously when row address is 
changed without any timing loss from 
the last bit of previous row to the first 
bit of new row. Data transfer from 
DRAM to SAM is triggered by rising 
edge of TRIOE after the preparation of 
internal circuit for this operation, while 
SAM port can continue read operation 
asynchronously from the above men
tioned internal move. Once TRIOE re
turns to "H" with the restricted timing 
specification tTSL and t TSD refered to 
SAS clock, SO pins can get the valid 
output data continuously as shown in 
Fig. 4. The key issue to achieve this 
feature is to apply SAS clock contin
uously with the timing consideration to 
the riSing edge of TR/OE. 

FUNCTIONAL TRUTH TABLE FOR SERIAL ACCESS (Asynchronous from DRAM pord 

Falling edge of RAS 
SAS SE 500 to S03 Function 

TRIOE I MEIWE 

" 

H I X 
Clock L Input/Output" Sequential access enable 
Clock H InputlOutput" Sequential access disable 

: The read or write operatIon of SAM port IS pre-determined by the last occurred transfer cycle. Input mode IS for write 
operation. Output mode is for read operation. 

x; Don't Care 

Fig. 2 - EXAMPLE OF BIT MASK WRITE OPERATION 

Set milk write mode 

~ J!'3!I!!I 

MOO/Ooo M..ked 

MOl/DOl , .., Non milked Write "HOI 

MD2/DQ2 Masked 

M03/DQ3 :',,'r, \ Non mesked Write "L" III Dan·tC. ... 
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Fig. 3 - EXAMPLE OF PSEUDO WRITE TRANSFER CYCLE 

ADDRESSES 

3·8 

SAS 

SO 

• Don'tea .. ~ Inhibit of Rising E ..... 

"The DRAM datil of this row add .... ara rafrashed during psaudo write transfer cycle. 

Fig. 4 - EXAMPLE OF REAL TIME READ TRNASFER OPERATION 

ADDRESSES 

SAS 

"BE" "l" --------~-----~~------~:__----

SO (output) 

Previous Row New Row 

• Dan'tea .. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss) 

Parameter Symbol Min. Typ. Max. Unit Operating Temperature 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 
0·Cto+70·C 

Input High Voltage V'H 2.4 6.5 V 

Input Low Voltage V'L -2.0 0.8 V 

Max 
Paramter Symbol Typ Unit 

DIP ZIP 

Input Capacitance (AO to A7) C'N1 7 8 pF 

Input Capacitance (RAS, CAS, ME/WE, SE, TR/OE) C'N2 10 12 pF 

Input Capacitance (SAS) C'N3 7 7 pF 

Input/Output Capacitance (MOO/Ooo to M03/003) C'01 7 8 pF 

Input/Output Capacitance (SOO to S03) C'02 7 8 pF 

AC TEST CONDITIONS 

3) Output Load 
1) Input 

4 V'L =O.8V 

tT = 5"0 
\'----

2) Output 

SOO to S03 Measuring Point 

0--'--1 SOpF-.,..-Lt= 

I 
VOH .2.4V( }-

• HIGH-Z-
VOL zO.4V '---------' 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted. I 

Parameter 

SAM STANDBY SE = V 1H • SAS = V 1L 

OPERATING CURRENT* MB 81461·12 
Average power supply current 
(RAS, CAS cycling; tRC = minI MB 81461·15 

STANDBY CURRENT 
Power supply current (RAS = CAS = V IH I 

REFRESH CURRENT 1 * MB B1461-12 
Average power supply current 
(CAS = V IH, RAS cycling; tRc = minI MB81461·15 

PAGE MODE CURRENT* MB 81461·12 
Average power supply current 
(RAS = V 1L , CAS = cycling, tpc = minI MB 81461·15 

. REFRESH CURRENT 2" MB 81461-12 
Average power supply current 
(CAS·before·RAS; tRc = minI MB 81461·15 

TRANSFER MODE CURRENT MB81461·12 
Average power supply current 
(~, CAS cycling; t RC = minI MB81461·15 

SAM ACTIVE SE = V 1L, tsc = min 

OPERATING CURRENT* MB81461·12 
Average power supply current 
(~, CAS cycling; t RC = minI MB 81461·15 

STANDBY CURRENT MB 81461-12 
Power supply current 
(RAS=CAS=V1HI MB 81461·15 

REFRESH CURRENT 1" MB 81461·12 
Average power supply current 
(CAS = V IH, RAS cycling; tRC = min) MB 81461·15 

PAGE MODE CURRENT" MB 81461·12 
Average power supply current 
(RAS = V 1L , CAS cycling, tpc = min) MB 81461·15 

REFRESH CURRENT 2* MB 81461·12 
Average power supply current 
(CAS·before·RAS; tRc = minI MB 81461·15 

TRANSFER MODE CURRENT MB 81461·12 
Average power supply current 
(~, CAS cycling; tRC = minI MB 81461·15 
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Symbol Min Max Unit 

95 
ICCl mA 

85 

Icc2 20 mA 

71 
Icc3 mA 

70 

50 
Icc4 mA 

45 

77 
Iccs mA 

70 

110 
Icc6 mA 

100 

130 
Icc7 mA 

110 

50 
Iccs mA 

40 

112 
Icc9 mA 

95 

85 
ICC10 mA 

70 

112 
ICCll mA 

95 

145 
ICC12 mA 

125 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Symbol 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (OV -s:: V1N -s:: 5.5V, 
IIIL) 

Vcc =5.5V, Vss=OV, all other pins not under 

test=OV) 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled, OV ~ VOUT ~ 5.5V) 
IO(L) 

OUTPUT LEVELS 

Output high voltage (lOH =-5mA/-2mA for DQi/SDi) VOH 
Output low voltage (lOL =4.2mA) VOL 

Min Max 

-10 10 

-10 10 

2.4 

0.4 

MB81461·12 
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Unit 

/J.A 

/J.A 

V 

Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open . 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) ._= 

MB 81461·12 BM 81461·15 
Parameter ... Symbol Unit 

Min Max Min Max 

Time between Refresh (RAM/SAM) tREF 4 4 ms 

Random Read/Write Cycle Time tRC 230 260 ns 

Read·Modify·Write Cycle Time tRWC 305 345 ns 

Page Mode Cycle Time t pc 120 145 ns 

Page Mode Read·Modify·Write 
tPRWC 195 225 ns 

Cycle Time 

Access Time from RAS 1111 tRAC 120 150 ns 

Access Time from CAS 1111 tCAC 60 75 ns 

Output Buffer Turn Off Delay tOFF 0 25 0 35 ns 

Transition Time tT 3 50 3 50 ns 

RAS Precharge Time tRP 90 100 ns 

RAS Pulse Width tRAS 120 60000 150 60000 ns 

RAS Hold Time tRSH 60 75 ns 

3·11 
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AC CHARACTERISTICS 

Parameter -
CAS Precharge Time 

(Normal cycle) 

CAS Precharge Time 

(Page mode only) 

CAS Precharge Time 

(CAS-before-RAS ) 

CAS Pulse Width 

CAS Hold Time 

RAS to CAS Delay Time BDI 

CAS to RAS Set Up Time 

Row Address Set Up Time 

Row Address Hold Time 

Column Address Set Up Time 

Column Address Hold Time 

Read Command Set Up Time 

Read Command Hold Time 
II Referenced to RAS 

Read Command Hold Time 
II Referenced to CAS 

Write Command Set Up Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data In Set Up Time 

Data In Hold Time 

Access Time from TR/OE II 

TR/OE to Data In Delay Time 

3-12 

Symbol 

tCPN 

tcp 

tCPR 

tCAS 

tCSH 

tRco 

tCRS 

tASR 

tRAH 

tASC 

tCAH 

t RCS 

tRRH 

tRCH 

twcs 

tWCH 

twp 

tRwL 

tCWL 

tos 

tOH 

tOEA 

tOED 

MB 81461-12 MB 81461-15 
Unit 

Min Max Min Max 

40 50 ns 

50 60 ns 

25 30 ns 

60 60000 75 60000 ns 

120 150 ns 

22 60 25 75 n. 

10 10 n. 

0 0 ns 

12 15 ns 

0 0 ns 

20 25 ns 

0 0 ns 

20 20 ns 

0 0 ns 

-5 -5 ns 

30 35 n. 

30 35 n. 

40 45 ns 

40 45 ns 

0 0 ns 

30 35 ns 

35 40 ns 

25 30 ns 



AC CHARACTERISTICS 

Parameter ImD1J Symbol 

Output Buffer Turn Off Delay 

from TRIOE 
tOEz 

TRIOE Hold Time Referenced to MEIWE tOEH 

TRIOE to RAS inactive Set Up Time tOES 

Data In to CAS Delay Time IliI tozc 

Data In to TRIOE Delay Time IliI tazo 

Refresh Set Up Time Referenced to 
tFCS RAS (CAS-before-RAS) 

Refresh Hold Time Referenced to 
RAS (CAS-before-RAS) tFCH 

RAS Precharge to CAS Active 

Time 
tAPe 

Serial Clock Cycle Time tsc 

Access Time from SAS 1m tsAC 

Access Time from SE lID tSEA 

SAS Precharge Time tsp 

SAS Pulse Width tSAS 

SE Precharge Time tsEP 

SE Pulse Width tSE 

Serial Data Out Hold Time 

after SAS High 
tSOH 

Serial Output Buffer Turn Off 
- tSEZ 

Delay from SE 

Serial Data In Set Up Time III tsos 

Serial Data In Hold Time m tsoH 

MB81461-12 

Min Max 

0 25 

0 

0 

0 

0 

25 

25 

20 

40 50000 

40 

40 

10 

10 

25 

25 

10 

0 25 

0 

20 

MB81461-12 
MB81461-15 

MB81461-15 
Unit 

Min Max 

0 30 ns 

0 ns 

0 ns 

0 ns 

0 ns 

30 ns 

30 ns 

20 ns 

60 50000 ns 

60 ns 

50 ns 

20 ns 

20 ns 

45 ns 

45 ns 

10 ns 

0 30 ns 

0 ns 

25 ns 

3-13 
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AC CHARACTERISTICS 

Parameter .-
Transfer Command (TR) to RAS 
Set UpTime 

Transfer Command (TR) to RAS 
Hold Time 

Write Transfer Command (TR) to 
III RAS Hold Time 

Transfer Command (TR) to CAS 
Hold Time 

Transfer Command (TR) to SAS 
Lead Time 

Transfer Command (TR) to RAS 
Lead Time 

Transfer Command (TR) to RAS 
Delay Time 

First SAS Edge to Transfer Command 
Delay Time 

MEIWE to RAS Set Up Time 

MEIWE to RAS Hold Time 

Mask Data (MD) to RAS Set Up Time 

Mask Data (MD) to RAS Hold TIme 

Serial Output Buffer Turn Off 
III Delay from RAS 

Serial Output Buffer Turn On 
III Delay from RAS 

SAS to RAS Set Up Time • 
RAS to SAS Delay Time III 

Serial Data Input to SE Delay Time 

Serial Data Input Delay from RAS III 

3-14 

Symbol 

tTS 

tRTH 

tRTHW 

tCTH 

tTSL 

tTRL 

tTRD 

tTSD 

tWSR 

tRWH 

tMS 

tMH 

tSDZ 

tSRO 

tsRs 

tSRD 

tSZE 

tSDD 

MB 81461-12 MB81461-15 
Unit 

Min Max Min Max 

0 0 ns 

90 110 ns 

12 15 ns 

30 35 ns 

5 10 ns 

130 140 ns 

-65 -50 ns 

25 35 ns 

0 0 ns 

12 15 ns 

0 0 ns 

35 45 ns 

10 60 10 75 ns 

0 0 ns 

40 60 ns 

30 45 ns 

0 0 ns 

60 75 ns 



AC CHARACTERISTICS 

Parameter - Symbol 

Serial Data Input to RAS Delay Time III tszs 

Pseudo Transfer Command (SE) to 
lEI tES R RAS Set up Time 

Pseudo Transfer Command (SE) to 
lEI tREH RAS Hold Time 

Serial Write Enable Set up Time ID tsws 

Serial Write Enable Hold Time ID tSWH 

Serial Write Disable Set Up Time ID tSWIS 

Serial Write Disable Hold Time ID tSWIH 

Asynchronous Command (TR) to 
tyS 

RAS Set Up Time 

Asynchronous Command (TR) to 
tYH RAS Hold Time 

Time between Transfer iii tREFT 

NOTES; 

D An initial pause of 200lls is required after power-up 
followed by any 8 RAS", 8 transfer, and B SAS cycle 
before proper device operation is achieved. In case of 
using internal refresh counter, a minimum of 8 CAS
before-RAS initialization cycles instead of 8 RAS cycle 
are requ ired 

II AC characteristics assume 
II V1H (min) and V1L (max) are reference levels for meas

uring timing of input signals. Also, transition times are 
measured between V 1H (min) and V 1L (max). 

II Assumes that tR CD :<>: tRCO (max). If t RCO is greater 
than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCO 
exceeds the value shown. 

II Assumes that tRCO ~ tRCO (max). 
II Measured with a load equivalent to 2 TTL loads and 

100pF. 

MB81461-12 
MB81461-15 

MB B1461-12 MB 81461-15 
Unit 

Min Max Min Max 

0 0 ns 

0 0 ns 

12 15 ns 

20 30 ns 

80 120 ns 

20 30 ns 

40 60 ns 

0 0 ns 

12 15 ns 

4 4 ms 

II Operation within the tRCO (max) limit insures that 
t RAC (max) can be met. tRCO (max) is specified as a 
reference point only; if tRCO is greater than the speci

fied tRCO (max) I imit, then access time is controlled 
exclusively by t CAC . 

iii tRco (min) = tRAH (min) + 2tT (tT=5ns) + tASC (min) 

II Either tR RH or tRCH must be satisfied for a read cycle. 
III Measured with a load equivalent to 2 TTL loads and 

50pF. 
III Input mode only 

III Write transfer and pseuso write transfer only. 
II) Read transfer only in the case that the previous trans

fer was write transfer. 
III Pseudo write transfer only. 
01 If tREFT is not satisfied, 8 transfer and 8 SAS cycles 

before proper device operation is needed_ 

III Either tozc or tozo must be satisfied. 
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READ CYCLE 

r----------------------'Rc--------------------------~ 
r------------------'RAS'-------------------1~------~ 

tCSH 

--~--r_----------'RSH----------~ 
-~~--~----------~--.~----------'CAS----------~r__i-----------

ADDRESSES V IH-"::".",r:--=:-:-::-::-V----w~=-'-__ --ir--------..,..-------...;.;-.;....--------
V,L-~~·~,,----f~~~~--~----~.;....----~.;....--~.;....~~~f_~.;....----

MetWE 

MoioO 
(OUTPUn 

MoioO 
(INPUT) 

fRio"E 

MeIWE 

MolDO 
(INPUT) 

MoioO 
(OUTPUn 

VOH -
VALID DATA OUT 

VOL 
tOEA 

::::~:;)--;;;;~-----~I HIGH.Z-----------!( 
tOEZ 

V,H 

o Don'tCar. 

WRITE CYCLE (EARLY WRITE) 

r------------------------'RC------------------------~ 
VIH_------~r---------------------tRAs----------------1~--------_L 
V iL -

III Don'tCa,. 

Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 
When ME/WE = "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 
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DELAYED WRITE CYCLE 

'RAS 
iiA§ 

VIH-

VIL -

teFls telH 
tRSH 

CAS teA.'----------~~------------

ADDREsses ~:: = 

MEIWE V1H -

V1L -

MOIDQ 
V 1H _ 

IINPUTI V'L -

MDIDO 
IOUTPUT) 

fRio£" 
V1H _ 

VIL -

CJ D ... ·.Cono 

Note 1) When ME/WE = "H". all data on the MD/DO can be written into the cell. 
When ME/WE = "L". the data on the MD/DO are not written (masked) except for when MD/DO = "H" at the 
falli ng edge of lfAS. 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DO are kept High·Z state. 

READ-MODIFY-WRITE CYCLE 

~H-·--~~~---ir-~~~~~~1,----------------~~----------
ADDREsses V'L --~":';';~~~~""'h---:-~--~------""'~-"';'''i"'"-:-""----''----

MD/DQ 
(INPUT) 

MD/OO 
10UTPUT) 

V,H -,.,.-..",I.....:::.....':'""1~..,-+-.;-+--------""1 
V,L -__ ~ __ --~..JI 

VIM -·--Ir~-:-.... 
VIL -_ ...... ''"' ____ " 

III Don'tCono 

Note 1) When ME/WE = "H". all data on the MD/DO can be written into the cell. 
When Ml;1WE" & "L". the data on the MD/DO are not written (masked) except for when MD/DO = "H" at the 
falling edge of lfAS. 
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PAGE MODE READ CYCLE 

CAS 
VIH_ 

V 1L - 1}-_________________ t_R_As ____ tR_c ____ ~~~---t-RS-H-:;j~~ 
tCAS ~r-tRP--l-

RAS VIH -

V,L 

I 
ADDRESSES ~IH 

IL-~lltR~~1 ~~~~~_...,...-,I.-_ 
MEfflE ~::==::::J II 

Il--tRAC 

MO/OQ VOH - I I 
{OUTPUT! VOL --II'~:~: 
MO/DQ V1H _ 

{INPUT! V,L -.... ..;..~""f 

TRICE 

RAS 

CAS 

V,H _.-+----..,j:--"""\ 
VIL -

VIH -

V,L -

V1H -

VIL -

o Don'tCar. 

PAGE MODE WRITE CYCLE (EARLY WRITE) 

~----------------------tRC-------------------B_-----; r--------------------tRAS-----------------------I 
1r-----:-------'l'r-------'tRSH~ tRP 

teAs 

ADDRESSES Vv'H -

IL-~~~-n~~r_------..;..J~~~I~----~~,l~~~--------------

MaIDa V,H -~\~~--ir.~~~~----.-"'J~~~~,~--~,~~~~~------~------
(INPUT) VIL --.ry'-:.,...~=="" .... --""""..JI}-'==_'f .... --.j ~4~.!.Q.-{'o""'-""'''~'': __ _ 

MDlDa 
(OUTPUT) 

TRICE 

VO H - (( 
VOL HIGH-Z----, 1-) ----------------------

tySrJ~tYH 

_Don't ear. 

Note 1) When ME/WE = "H", all data Dn the MD/DO can be written into the cell. 
When ME/WE = "L", the data on the MD/DO are not written (masked) except for when MD/DO = "H" at the 
falling edge Df RAS. 



MB81461-12 
MB81461-15 

PAGE MODE DELAYED WRITE CYCLE 

MO/DQ V'H ...... V---~ 
UNPUT) V1L .",.;It-..... ..-f 

MO/OO VOH-
IOUTPUTI VOL ---'!T-o{ 

mv.tkfDeta'ft 

Note 1) When MEIWE = "H", all data on the MD/DQ can be written into the cell. 
When MEiWE m "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High·Z state. 

PAGE MODE READ-MODIFY-WRITE CYCLE 

iiAS V'H 

CAS 

ADDRESSES 

MEiWE 
V'H 

V'L 

MO/DO 
(INPUT) V'L 

MO/OO VOH -

IOUTPUT) VOl -

TlfIllE 

Note 1) When MEIWE = "H", all data on the MD/DQ can be written into the cell. 
When ME/WE = "L ", the data on the MD/DQ are not written (masked) except for when MD/DQ· "H" at tha 
falling edge of RAS. 
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VIH 
ADDRESSES V 

IL 

MD/DO 
(OUTPUT) 

VOH 

-
-

-

~'()NL Y REFRESH CYCLE IMEJWl=Don't Carel 

tRC 
tRAS 

~ ~ASRr- ~ 
'.:' '~AO~~~S~':<:( :' .,". ',. 

I 

II 
I 

.:'.~,~,,,\,,, "j 

tOFF-~ 
of 

HIGH-Z 

j ~ 
l\---tRP_ 

I- tRPC 

1\ 

VOL tvJ~ 
_---....~·1~: VIH -.-,-,,---.....,.-.... "'*'-.,:----.....,.-----.....,.---------

MD/DO 
(INPUT) 

RAS 

CAS 

VIL -' '--_....;. _______________ _ 

V1H - --{ 
VIL _--HIGH-Z \:,....;.....;._....;._....;.....;.....;.....;. __ ....;.....;. _______ _ 

o Don'tC. .. 

CAS-BEFORE-RAS REFRESH CYCLE (ADDRESS, ME/WE, TR/OE=Don't Carel 

VIH 
V1L -

V1H 

VIL 

MD/DQ VOH _----.l 
(OUTPUT) VOL _____ ,--------------I~IGH-Z-----------

MD/DO 
(INPUT) 

II Dan'tC. .. 



HIDDEN REFRESH CYCLE 
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V�H---------~------tRj'S-----~~------~.~---tl~AS'-----ij~-----i 

V'L-

V,H--~~~~~~~----------~~~ 

V,L ---.-..... ~~I__++--t()ES'---_l 

MD/Do VOH -
(OUTPUT) VOL --------

V,L -'P,"!"'!"'!1""iIr----~m_1 
V,L ->cil!,,,,,,oA' 

MD/Do 
(lI\IPUT) 

VIH-~ _______ HIGHI_Z ___ _ 

V'L~ 

• Don"tee .. 
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READ TRANSFER CYCLE* IMD/DQ - Don't Care) 

VIH 

CAS 
V1H 

ADDRESSES ~IH 
IL 

""~ 
V1H 

~JWE" 
VIH 

VIL 

SAS 
VIH 
VIL -

VIH R" 
VIL -

SO 
VIH -

(INPUT) VIL -

SO VOH-

«OUTPUT) VOL -

Previous row ·1 Newrow 

*: In the case that the previous transfer is read transfer. 
**: If IE' is low, the valid data will appear within t SAC or tSEA' 
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READ TRANSFER CYCLE- (MD/DQ = Don't Care) 

MB81461-12 
MB81461-15 

VIH---~--~------~,r------------·'CA.S---------~-1'~---------+-------

SAS 

so 
(INPUT) 

*; In the case that the previous transfer is write transfer . 
• *; If SE is low and the previous cycle is serial write cycle, this should be valid data input. 

.. Dan'tCare 

~ Inhibit of Rising Edge 

3-23 



MB81461-12 
MB81461-15 

ADDRESSES 

TR/~ 

iiiIE/W!" 

SAS 

SE 

SO 
(INPUT) 

SO 
(OUTPUT) 

WRITE TRANSFER CYCLE· (MD/DQ - Don't Care) 

~---------------------tAC-----------------------i 

~H __ ----------~r--------------tAAS---------------1k---------~ 

VIL-:---J~~~~ tASH tAP 
tCSH tCAS ~ __________ __ 

V1H -
VIL- " 

tsc 
tsp tsAS 

VIH -
VIL -

VIH-', 
VIL-

VOH-

VOL-
---------------HIGH-Z-----------------

CJ Don'tC. .. 

m Inhibit of Rising E .... 

"; (n the case that the previous transfer is write transfer_ 
""; If SE is high these data are not written into the SAM_ 
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PSEUDO WRITE TRANSFER CYCLE (MOl DQ = Don't Care) 

tRC 

VIH _ tRAS 
RAS" 

VIL-
tCSH 

CAS" 
VIH-

VIL -

VIH-
SAS 

VIL 

SO VIH-

!INPUT) VIL 

SO VOH 

(OUTPUT) VOL 

• Don't ear. 

m Inhibit of Riling E .... 

*: If SEis high, these data are not written into SAM. 
**. If SE is high, SO (500 to 503) are in High-Z state aftertsEZ. 

If SE becomes low, the valid data will appear meeting tsAC and tsEA. 

3-25 

IDI 



MB81461-12 
MB81461-15 

RAS 

TRIOE 

SAS 

SO 

VIH -

VIL -

VIH -

VIL 

V1H-

VOL -

VIH -

VIL -

VOH -
(OUTPUT) VOL -

SO VIH -
(INPUT) VIL -

SERIAL READ CYCLE 

tRAS 

tSEP 

tsc 

tSAS tsp 

tSOH 

tSZE 

In the case of SE="L" while the operation; 

SAS 

SO 
(OUTPUT) 

tS».S tsp 

HIGH-Z 

SO VIH -
(INPUT) VIL -----------HIGH-Z-----------------

~ Invalid Data o Don't Care 
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iiAS 

TR/OE 

SE 

SAS 

SO 
(OUTPUT) 

SO 
(INPUT) 

VIH-

VIL-

VIH-
V 1L 

VIH-

VIL -

VIH-

VIL -

SERIAL WRITE CYCLE 

------~------~c 

tSWH 

MB81461-12 
MB81461-15 

VOH-----------------~-----HIGH·Z------------------------------
VOL-

VIH-

VIH-

In the case of SE="L" while the operation; 

SAS 

SO 
(OUTPUT) 

SO 
(INPUT) 

VIH-

VIL-· ________________ ~::::::~~::::::~::::~~::::::~:::_-

iii Don" Care 
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Fig. 5 - CURRENT WAVEFORM (Vee = 5.5V, TA = 25°C) 
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Fig. 5 - CURRENT WAVEFORM (Vee =5.5V, TA· 25°C) (cant'd) 

TRANSFER MODE CYCLE SERIAL ACCESS CYCLE 

- - r-r-f\. '-oj 1'-- - I---h _f r-i-
r- ~ r--I 

J 
f- 1"--1\ 
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SA S r r Ir ~r r 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 6 - NORMALIZED ACCESS TIME 
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vs CYCLE RATE 
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Fig. 10 - OPERATING CURRENT 
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Fig. 7 - NORMALIZED ACCESS TIME 
VI AMBIENT TEMPERATURE 
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Fig. 12 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 14 - REFRESH CURRENT 1 
vs SUPPLY VOLTAGE 
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Fig. 16 - PAGE MODE CURRENT 
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Fig. 15 - PAGE MODE CURRENT 
VI CYCLE RATE 
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Fig. 17 - REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 18 - REFRESH CURRENT 2 v. SUPPLY VOLTAGE 
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Fig. 22 - RAM STANDBY/SAM ACTIVE CURRENT 
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Fig. 19 - TRANSFER MODE CURRENT 
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Fig. 21 - RAM STANDBY/SAM ACTIVE CURRENT v. CYCLE RATE 
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Fig. 24 - ADDRESS AND DATA (DO AND SO) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 26 - RAS. CAS. ME/WE. TR/OE. SE. SAS 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 28 - ACCESS TIME (RAM) 
vs LOAD CAPACITANCE 
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Fig. 25 - ADDRESS AND DATA (DO AND SO) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 27 - RAS. CAS. ME/WE. TR/OE. SE. SAS INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 30 - DO OUTPUT CURRENT 
.. DO OUTPUT VOLTAGE 
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Fig. 32 - DO OUTPUT CURRENT 
vs DO OUTPUT VOLTAGE 

~ -100f-:----+----l---4---~--___j 
w 
0:: 
0:: 
::J 
U 
t
::J 
~ -50~---+--~~r_4---~--___j 
::J 
o 
o 
c -25~--_+----t__~~~_4--~ 
i 
a 

°0~--~1~--~--~3~~~4~~5 
VoH• OQ OUTPUT VOLTAGE (V) 

Fig. 34 - SUBSTRATE VOLTAGE 
DURING POWER UP 
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Fig. 31 - SO OUTPUT CURRENT 
vs SO OUTPUT VOLTAGE 
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Fig. 33 - SO OUTPUT CURRENT 
vs SO OUTPUT VOLTAGE 
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PACKAGE DIMENSIONS 
PLASTIC DIP (Suffix: ·PI PLASTIC ZIP (Suffix: ·PSZI 

24-UAD PLASTIC DUAL-IN-L1NE PACKAGE 
(CASE No.: DIP-24P·M04j 

.n. .n. .n. .n. .n. 

rrr=.~~:,.::~: 
ll42, 

CO.2s.o.051 
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24-LEAD PLASTIC ZIGZAG-IN-LiNE PACKAGE 
ICASE No.: ZIP·2.P·M02) 

O,,...n,,on.,,, 
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262, 144-BIT DUAL PORT DYNAMIC RANDOM ACCESS MEMORY 

262,144 Bit Dual Port DRAM 
The Fujitsu MB81461B is a fully decoded, dynamic NMOS random access 

memory organized as 65,536 words by 4 bits dynamic RAM port and 256 words by 4 
b~s serial access memory (SAM) port. 

The DRAM port is identical to the Fujftsu MB81464 w~h four bits of parallel 
random access 110 while the SAM port is designed as four 256-bit registers, each 
operating as a serial 110. The four serial registers operate in parallel with each other 
during SAM port operation. Internal interconnects give the device the capability to 
transfer data bi~irectionally between the DRAM memory array and the SAM data 
registers. 

The MB8t 461 B offers complementary asynchronous access of both the DRAM 
and SAM ports, except when data istransferred between them internally. The design is 
optimized for high speed and performance making the MB81461B the most efficient 
solution for implementing the frame buffer of a bit-mapped video display system. 
Multiplexed row and column address inputs permit the MB81461 B to be housed in a 
400-mil wide 24-pin DIP or ZIP package. Pinouts conform to the JEDEC-approved 
pinouts. 

The MB81461 B is fabricated using silicon gate NMOS and Fujftsu's advanced 
Triple-layer Polysilicon process technology. This process, coupled w~h single 
transistor memory storage cells, permfts maximum circuit density and minimum chip 
size. All inputs and outputs are TTL compatible. Some transfer cycle timing 
specifications are different from MB81461. 

• Dual Port Organization 
64 K x 4 Dynamic RA~ port (DRAM) 
256 x 4 Serial Access MemoIy port 
(SAM) 

• 24-pin DIP and ZIP packagas 
• SiIiCOll1late, Triple Poly NMOS. single 

transistor cell 

• DRAMPort 
Access Tillie (IRAe) 

120ns max.jMB81461B-12) 
150 ns max. (MB 81461B-15) 

Cycle Time (~ 
230nsmax. B81461B-12) 
260 ns max. MB81461B-15) 

• SAMPort 

~~ ~r::. ~'Mf~1461 B-12 
60 ns max. 1MB 81461 B-15! 

Cycle Time (tacl 
40 ns max.(MB81461B-12) 
60 ns max. (MB81461B-15) 

• Single +5 V Supply, ±10% tolerance 
• Real TIIII8, Read Transfer capability 
• Page Mode capability 

Absolute Maximum 

• Power Dissipation 
DRAM; AcIISAM; Slby 

523 mWmax. (MB 81461 B-12) 
468 mWmax. (MB81461B-15) 

DRAM; StbyISAM; Act 
275 mW max. (MB 81461 B-12) 
220 mWmax. (MB81461B-15) 

DRAM; StbylSAM; $!by 
110mWmax. 

• Bi-directional data transfer between 
DRAM and SAM 

• Fast serial access asynchronous to 
DRAM except transfer operation 

• Bit Masked Wrile Mode capabiltiy 
• 256 refresh cycles _ry 4 rna 
• ~nly, ~~Hiddan 

Refresh capabiUty 
• Delarl!Cl write and Read-Modily-Write 

capability 
• Standard 24-Pin Plastic Packages: 

DIP (MB81461B-XXP) 
ZIP (MB81461B-XXPSZ) 

Permanent davice damage may occur H absolute maximum ratings are 
Functional operation should be reslricled to the conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex
tended periods may affect davice reliability. 

PLASTIC PACKAGE 
Dlp·24P-M04 

PLASTIC PACKAGE 
ZIP·24p·M02 

PIN ASSIGNMENT 

M021 MOol MEl 
Da, SE S03 SAS so, DOo WE 11.6 11.4 "'7 11.2 "'0 

I 3 5 7 9 1'1315 17 19 21 :2 

BOTTOM VIEW 

Thlo _ ........ c:RuIIryto _!he I"",," ogu. 
_duotohlgh _lcvollag8oar_llalda. _ •• 
loodvlood .... narmaI pnIC8I.cIonobo takan to_ appIadIon 

=--~Ihen"""'lmum_voIIag8o""'1o high 

IDI 
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Block Diagram 

vcc---

Vss--

Pin Description 

Pin Number 

DIP ZIP 

1 7 

2.3.22.23 8.9.4,5 

4 10 

5,6,19,20 11,12,1,2 

7 13 

8 14 

17,16,15 23,22,21, 
14,11,10 20,17,16, 
9,13 15,19 

12 18 

18 24 
21 3 

24 6 
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Fig. 1 - BLOCK DIAGRAM OF MB 81461B and PIN DESCRIPTION 

MOO/oao MD1/DQ1 MD2/D02 MD3/DQ3 

soo SDI SD2 SD3 

Symbol Parameter Mode 

SAS Sorial Access Memory Strobe Input 

SDOto S03 Sorial Data 110 110-

TRIOE 
Transfer Enablel 

Input 
Output Enable 

MOO/OOO 
to Mask DatalOata 110 110 
M03/DOl 
ME/wE Mask Mode Enablo/Writo Enable Input 

RAS Row Address Strobe Input 

Au to A7 Addrosslnput Input 

Vee Supply Voltage +5 V Power Supply 

CAS Column Address Strobe Input 

~ Sorial port Enable Input 

VSS Ground Po_rSupply 



DESCRIPTION 
DRAM OPERATION 
RAS; 
Th is pin is used to strobe eight row·ad· 
dress inputs from AD to A7 pins and is 
used to select the operation mode of 
subsequent cycle, such as DRAM ope· 
ration or transfer operation (by TR/OE 
and bit mask write cycle or not (by 
MEIWE and MOO/DOD to M03/0OOI. 
Since RAS = "L" is the active condition 
of circuit, to maintain RAS = "H" 
(standby condition) is effective to save 
power dissipation. 

CAS; 
This pin is used to strobe eight column 
address inputs at the falling edge. CAS 
pin has the function to enable and dis· 
able the output at "L" and "H" respec· 
tively during the read operation. 
Another function of CAS is to select 
"early write" mode conditioned by 
MEIWE = "L". 

MEIWE; 
Th is pin is used to select read or write 
cycle. M"eIWE = "L" select write mode 
and MEIWE = "H" select read mode. 
This pin is also used to enable bit mask 
write cycle. If MEIWE = "L" at the fall· 
ing edge of RAS, bit mask write is en· 
abled. 

TR/OE; 
This pin is used to select Transfer oper· 
ation or not at the falling edge of liAS, 
TR/m: = "H" enables DRAM operation 
and TRlm: = "L" enables Transfer 
operation between DRAM and SAM. 
After the falling of RAS"with t yH , this 
pin is used for output enable. 
The TR/OE controls the impedance of 
th~ output buffers. TR/~ = "H" forces 
the output buffers at high impedance 
state. TRiCE = "L" leads the output 
buffers at low impedance state. But in 
early write cycle, the output buffers are 
high impedance state even if TRIOE is 
low. 

AOtoA7; 
These are multiplexed address input 

pins and used to select 4 bits of 262,144 
memory cell locations in parallel within 
theMB81461B The eight row address in· 
puts are strobed by RAS and followed 
eight column address inputs are strobed 
by CAS. These are used to select the 
start address of serial access memory 
also. 

Moo/DOO to MD3/DOO 
These are common I/O pins of DRAM 
port. I/O mode is as specified for each 
function mode in the truth table. 

Data Outputs: 
The output buffers have three·state 
capability "H", "L" and "High·Z". To 
get valid output data on the pins, one of 
the read operations is selected such as 
"read" or "read·modify·write" mode. 
During a refresh cycle, either RAS'only 
or CAS-before·RAS mode is selected, 
output buffers are set in "High·Z" state. 

Data inputs: 
These are used as data input pins when a 
data write mode such as "Early·Write", 
"Delayed Write" or "Read·modify· 
Write" is selected. In any of the above 
cases, these pins are set at "High·Z" 
state to enable data·in without any bus 
conflict. 
In any operation mode, read, write, reo 
fresh, transfer and their combined func· 
tions, output states "H", "L", "High·Z" 
are set by control signals RAS, CAS, 
MEIWE and/or TR/OE. When "Bit mask 
write" mode is set, these pins are used 
as a control signal for write inhibit with 
MOi/OOi = "L" on the selected bit i. 

Page Mode; 
The page mode operation is to strobe 
the column address by CAS while RAS 
is maintained at "L" through all the suc· 
cessive memory operations if the row 
address doesn't change. This mode can 
save power dissipation and get the faster 
access time due to the elimination of 
RAS falling edge function. 

Refresh; 

MB81461B·12 
MB81461B·15 

Refresh of the DRAM cells is performed 
for every 256 rows per every 4 milli· 
seconds. 
The MB81461B offers the following 
three types of refresh. 
1) RAS-Only refresh; The RAS·Only reo 

fresh is performed with CAS="H" 
condition. Strobing every 256 row 
addresses with RAS will complete all 
bits of memory cell to be refreshed 
while all outputs are invalid due to 
"High·Z" state. Further RAS-only reo 
fresh saves the power dissipation sub· 
stantially. 

2) CAS·before·RAS refresh; The CAS
before·RAS refresh offers an alter· 
nate refresh method. If CAS is set 
low for the specified period (tFCS) 
before the falling edge of RAS, reo 
fresh COntrol clock generator and reo 
fresh address counter are enabled, 
and an refresh operation is per· 
formed. After the refresh operation 
is performed, the refresh address 
counter is incremented automatically 
for the next CAS·before·RASrefresh. 

3) Hidden refresh; The hidden refresh is 
performed by maintaining the valid 
data of last read cycle at MD/OO 
pins while extending CAS low. The 
hidden refresh is equivalent to CAS
before·RAS refresh because CAS 
stays low when RAS goes to low in 
the next cycle. 

Bit Mask Write; 
Th is mode is used when some of the bits 
should be inhibited to be written into 
cells. The bit mask write mode is exe· 
cuted by setting MEIWE = "L" at the 
falling edge of RAS during write mode 
(early, delayed write or read·modify· 
write cycle). The bits to be masked (or 
inhibited to write) is determined by 
MO/OO state at the falling edge of RAS, 
for example, if MOO/DOD and"fiifEIWE 
are both low at the falling edge of RAS, 
the data ,on MOO/DOD pin is not written 
into the cell during the cycle. Refer to 
the Fig. 2. 
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EXAMPLE OF BIT MASK WRITE OPERATION 

Falling edge of RAS 
Function 

TR/OE ME/WE MDO/DOO MD1/DOl MD2/D02 MD3/D03 

H X X X X Write enable 

H 
L 

Write enable for DOO and D02 
L H L H Write disable for DOl and D03 

re 
FUNCTIONAL TRUTH TABLE FOR DRAM OPERATION 

X. Don t Ca 

RAS 
._-

ME/WE TR/OE ADDRESSES 
MDO/DOO to 

Function CAS MD3/D03 
H H X X X X Standby 

L L H H-+L Valid Valid Data Out Read 

L L L* H-+X Valid Valid Data In Early Write 

L L H-+L H-+X-+H Valid Valid Data In Delayed Write 

L L H-+L H-+L-+H Valid Valid Data Out Read-Modify-Write -+ Valid Data In 

L H X H-+X Row address High-Z RAS-Only Refresh 

H-+L L X H-+X X High-Z CAS-before-RAS Refresh 
" *: If ME/WE = "L at the falling edge of RAS, bit mask write mode IS enabled. 

TRANSFER OPERATION: Pseudo Write Transfer: 
The transfer operation is featured in the 
MB 81461 B. This mode is used to trans
fer simultaneously 256x4 data from 
DRAM to SAM or from SAM to DRAM. 
The direction of transfer is determined 
by the state of ME/WE at the fall ing 
edge of RAS. ME/WE="H" defines the 
transfer from D RAM to SAM (Read 
Transfer Cycle) and ME/WE="L" de
fines the transfer from SAM to DRAM 
(Write Transfer Cycle). 
I/O mode of SDO to SD3 determined 
while the transfer operation is set (TR/ 
OE="L") conjunctioned with ME/WE 
state. 
After Read Transfer Cycle, please apply 
two or more SAS Clock. 

TR/OE; 
This pin is used to enable transfer oper. 
ation at the falling edge of RAS. 

ME/WE; 
This pin is used to select the direction 

of transfer at the falling edge of RAS. 
AO to A7; 
These pins are used to seiect the row 
address of DRAM port to be transfered 
from or to, and the start address of 

SAM port for the serial read or write 

operation. The row address is strobed 

by RAS and the start address is strobed 

by CAS'. 
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To start serial write cycle, the SD pins 

must be set in input mode. To do this, 
write transfer cycle should be executed. 
The pseudo write transfer cycle is to 
change the SD pins into input mode 
without data transfer from SAM to 

DRAM. Refer to Fig. 3. 

Refresh during transfer cycle; 
DRAM and SAM are refreshed during 

transfer cycle as shown below. 

11 Read transfer cycle: 
During read transfer cycle, the 
selected row address of DRAM to be 

transfered to SAM is refreshed. SAM 
data are kept by applying 256 SAS 
clocks within 4 ms after the read 

transfer cycle. 

21 Write transfer cycle: 
During write transfer cycle, the new 

data are written from SAM to DRAM 
and this row address should be reo 

freshed within 4 ms. 
But SAM data are not refreshed 
during write transfer cycle. There· 
fore, the SAM refresh (applying 256 

SAS clocks within 4 ms) must be 

executed. Especially, when the write 
transfer cycle is executed conti~ 

nuously, 256 SAS clock should be 
applied within 4 ms. 

SERIAL ACCESS OPERATION: 
TheMS 81461Shas 256 words by 4 bits 
Serial Acess Memory (SAM) correspond· 
ing to 64K words by 4 bits DRAM and 

the fast serial read/write access is 
achieved by SAM architecture. Read or 
write cycle is determined when the last 
read or write transfer operation is exe· 

cuted. If the last transfer operation was 

read transfer, the serial read cycle is 
performed until the next write or 

pseudo write transfer cycle is executed. 
On the other hand, if the last transfer 
operation was write or pseudo write 
or pseudo write transfer, the serial write 
cycle is performed. In the serial write 

operation, 256 words by 4 bits data 

stored in the SAM can be transfered to 
DRAM under SE="L" condition, and 
SE="H" condition disables data transfer 

from SAM to DRAM. The serial access 
operation can be done asynchronously 

from DRAM port. 

SAS; 
This pin is used as a shift clock for SAM 
port. The serial access is triggered by the 

rising edge of SAS. I n the write cycle, 
the data of the SD pins are strobed by 
the rising edge of SAS and written into 

the selected cell. In the read cycle, out· 



put data become valid after t SAC from 
the rising edge of SAS and the data re
main valid until the next cycle is de
fined. The SAS clock increments the 
SAM address automatically. When the 
SAM address exceeds #255 (Most Sig
nificant Address) it returnes to #0 
(least Significant Address). 

~. 

This pin is used to enable serial iICCIlS5 

operation by' bit to bit. SE = "H" dis
ables serial access operation. I n the 
serial read operation, this pin is used for 
output enable, i.e., SE = "H" leads SO 
pins to "High-ZOO state. SE = "l" leads 
SO pins to valid data with specified ac
cess time. I n the serial write operation, 
this pin works as write enable control 
pin. 

SOOto S03; 
These are used as data input/output pins 
for SAM port. Input or output mode is 
determined by last occured transfer 
operation, if last transfer operation was 
read transfer mode, they are output 
mode. If the write transfer mode was 
set, SO pins are enabled to write data 
into SAM. 

Refresh; 
Since the SAM is constructed by dy
namic circuitry, the refresh is necessary 
to maintain the data in it. The refresh 
of SAM must be done by 256 cycles 
of SAS clock/4ms in either output or 
input mode. SE = "H" allows refresh 
of SAM with SO pins at "High-ZOO state. 

Real Time Read Transfer; 
This feature is applicable to obtain valid 

MB81461B·12 
MB81461B·15 

data conti nuously when row address is 
changed without any timing loss from 
the last bit of previous row to the first 
bit of new row. Data transfer from 
DRAM to SAM is triggered by rising 
edge of TR/OE after the preparation of 
internal circuit for this operation, while 
SAM port can continue read operation 
asynchronously from the above men
tioned internal move. Once TR/OE re
turns to "H" with the restricted timing 
specification t TSL and t TSD refered to 
SAS clock, SO pins can get the valid 
output data continuously as shown in 
Fig. 4. The. key issue to achieve this 
feature is to apply SAS clock contin
uously with the timing consideration to 
the rising edge of TR/O£. 

FUNCTIONAL TRUTH TABLE FOR SERIAL ACCESS (Asynchronous from DRAM port) 

Falling edge of RAS 
SAS SE SOO to S03 Function 

TR/OE I ME/WE 

H I X 
Clock l Input/Output" Sequential access enable 
Clock H Input/Output" Sequential access disable 

": The read or wrote operatIon of SAM port IS pre-determlned by the last occurred transfer cycle. Input mode IS for wrote 
operation. Output mode is for read operation. 

x; Don't Care 

Fig. 2 - EXAMPLE OF BIT MASK WRITE OPERATION 

t mal write mode 

\ r-\ r-
TIl/De / \ 

MOO/DOD \. / Masked 

M01/COl / '-.I \. Non masked Write "H" 

MD2/DQ2 , '\ / .... -:, ... - Me,klld 

MD3/DQ3 / \ ~ Non masked Write OIL" o Don·tC. ... 
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Fig. 3 - EXAMPLE OF PSEUDO WRITE TRANSFER CYCLE 

'\. / 

- I ADDRESSES --X... Row Add.' X SAM. Start Add. (SO) X 
I 

=:"\. / 

~ / 

\. \. 

SAS ~g\\\\\)\\\\\\\\\\\\\\\\ \\\ ~" 
SO 

Serial Read for previous row Serial Write for new row 

~ Inhibit of Rising Edge. 

*The DRAM data of this row address are refreshed during pseudo write transfer cycle. 

Fig. 4 - EXAMPLE OF REAL TIME READ TRNASFER OPERATION 

'\ 
I 

ADDRESSES X Row Add.)(sAM Start Add.(SO '-_____________ _ 

I 

\~--------~~-------------;-tTSL~ ~,....._--"\ 
\. .... ---N.1~ '---IN ~ SO ~ '----'S1 

"SE" .. L .. ----~""'---~~--~""'--
______ JX~--~N-2----~X~----N-.1----~X N .~ 

Previous Row New Row 

/ 

SAS 

SO (output) 

CJ Don'tea .. 
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RECOMMENDED OPERATING CONDITIONS 
(Referenced to Vss I 

Parameter Symbol Min. Typ. Max. Unit Operating Temperature 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

Vss 0 0 0 V 
O°C to +70°C 

Input High Voltage V'H 2.4 6.5 V 

Input Low Voltage V'L -2.0 0.8 V 

CAPACITANCE (TA=25°CI 

Max 
Paramter Symbol Typ Unit 

DIP ZIP 

Input Capacitance (AO to A71 C'N1 7 8 pF 

Input Capacitance (RAS, CAS, ME/WE, SE, TR/OE) C'N2 10 12 pF 

Input Capacitance (SAS) C'N3 7 7 pF 

Input/Output Capacitance (MDO/DOO to MD3/D03) C'01 7 8 pF 

Input/Output Capacitance (SDO to SD3) C'02 7 8 pF 

AC TEST CONDITIONS 

3) Output Load 
1) Input 

4 V'L =O.8V 

tT = 5ns 
\'----

2) Output 

SOO to S03 Measuring Point 

O~f~'" Lt: 
VOH = 2.4V( )-

. HIGH-Z-
VOL = O.4V ~--____ -..J_ 
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DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter 

SAM STANDBY SE=V1H.SAS=V1L 

OPERATING CURRENT" MB 814618·12 
Average power supply current 
(~. CAS cycling; tRC = min) MB 81461B·15 

STANDBY CURRENT 
Power supply current (~= CAS = V 1H ) 

REFRESH CURRENT 1" MB 81461B·12 
Average power supply current 
(CAS = V 1H • RAS cycling; tRC = min) MB 81461B·15 

PAGE MODE CURRENT" MB 81461B·12 
Average power supply current 
(RAS = V 1L • CAS" = cycling. tpc = min) MB 81461B·15 

REFRESH CURRENT 2" MB 81461B·12 
Average power supply current 
(CAS·before·RAS; tRC = min) MB 81461B·15 

TRANSFER MODE CURRENT MB 81461B·12 
Average power supply current 
(~. CAS cycling; tRC = min) MB81461B·15 

SAM ACTIVE SE = V 1L• tsc = min 

OPERATING CURRENT" MB 81461B·12 
Average power supply current 
(~. CAS cycling; tRC = min) MB 81461B·15 

STANDBY CURRENT MB 81461B·12 
Power supply current 
(~=CAS=VIH) MB 81461B·15 

REFRESH CURRENT 1" MB B1461B·12 
Average power supply current 
(CAS = V IH. RAS cycling; tRC = min) MB 81461B·15 

PAGE MODE CURRENT" MB 81461B·12 
Average power supply current 
(RAg = V 1L • ~ cycling. tpc = min) MB 81461B·15 

REFRESH CURRENT 2" MB 81461B·12 
Average power supply current 
(CAS·before·RAS; tRC = min) MB 81461B·15 

TRANSFER MODE CURRENT MB 81461B·12 
Average power supply current 
(~. CAS cycling; tRC = min) MB 81461B·15 
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Symbol Min Max Unit 

95 
ICCl mA 

85 

Icc2 20 mA 

77 
Icc3 mA 

70 

50 
Icc4 mA 

45 

77 
Icc5 mA 

70 

110 
Icc6 mA 

100 

130 
Icc7 mA 

110 

50 
Icce mA 

40 

112 
Icc9 mA 

95 

85 
ICC10 mA 

70 

112 
Icc11 mA 

95 

145 
ICC12 mA 

125 



DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.! 

Parameter 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (OV ~ V IN ~ 5.5V, 

Vcc =5.5V, Vss=OV, all other pins not under 

test=OV) 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled, OV :::; VOUT ~ 5.5V) 

OUTPUT LEVELS 

Output high voltage (lOH '···5mA/-2mA for DQi/SDi) 

Output low voltage (lOL =4.2mA) 

Symbol Min 

IIIL) -10 

IO(L) -10 

VOH 2.4 

VOL 

Max 

10 

10 

0.4 

MB81461B-12 
MB81461B-15 

Unit 

iJ.A 

iJ.A 

V 

Note: Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 

AC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 111iIi1 __ 

MB 81461B·12 MB81461B·15 
Parameter am Symbol Unit 

Min Max Min Max 

Time between Refresh (RAM/SAM) tREF 4 4 ms 

Random Read/Write Cycle Time t RC 230 260 ns 

Read·Modify·Write Cycle Time tRWC 305 345 ns 

Page Mode Cycle Time t pc 120 145 ns 

Page Mode Read·Modify·Write 
tpRWC 195 225 ns 

Cycle Time 

Access Time from RAS ElIB tRAC 120 150 ns 

Access Time from CAS !!lIB tCAC 60 75 ns 

Output Buffer Turn Off Delay tOFF 0 25 0 35 ns 

Transition Time tT 3 50 3 50 ns 

RAS Precharge Time tRP 90 100 ns 

RAS Pulse Width tRAS 120 60000 150 60000 ns 

RAS Hold Time tRSH 60 75 ns J 
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AC CHARACTERISTICS 

Parameter --
CAS Precharge Time 

(Normal cycle) 

CAS Precharge Time 

(Page mode only) 

CAS Precharge Time 

(CAS-before-RAS ) 

CAS Pulse Width 

CAS Hold Time 

RAS to CAS Delay Time 1111 

CAS to RAS Set Up Time 

Row Address Set Up Time 

Row Address Hold Time 

Column Address Set Up Time 

Column Address Hold Time 

Read Command Set Up Time 

Read Command Hold Time 

Referenced to RAS iii 

Read Command Hold Time 

Referenced to CAS iii 

Write Command Set Up Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data In Set Up Time 

Data In Hold Time 

Access Time from TR/OE m 
TR/OE to Data In Delay Time 
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Symbol 

tCPN 

tcp 

tCPR 

tCAS 

tCSH 

tRCO 

tCRS 

tASR 

tRAH 

tASC 

tCAH 

t RCS 

tRRH 

tRCH 

twcs 

tWCH 

twp 

tRWL 

tCWL 

tos 

tOH 

tOEA 

tOEO 

MB B1461B-12 MB 81461B-15 
Unit 

Min Max Min Max 

40 50 ns 

50 60 ns 

25 30 ns 

60 60000 75 60000 ns 

120 150 ns 

22 60 25 75 ns 

10 10 ns 

0 0 ns 

12 15 ns 

0 0 ns 

20 25 ns 

0 0 ns 

20 20 ns 

0 0 ns 

-5 -5 ns 

30 35 ns 

30 35 ns 

40 45 ns 

40 45 ns 

0 0 ns 

30 35 ns 

35 40 ns 

25 30 ns 



AC CHARACTERISTICS 

Parameter -- Symbol 

Output Buffer Turn Off Delay 

from TR/OE 
tOEZ 

TR/OE Hold Time Referenced to ME/wE tOEH 

TR/OE to RAS inactive Set Up Time tOES 

Data In to CAS Delay Time 1m tozc 

Data In to TR/OE Delay Time iii) tozo 

Refresh Set Up Time Referenced to 
tFCS RAS (CAS-before-RAS) 

Refresh Hold Time Referenced to 
RAS (CAS-before-RAS) tFCH 

RAS Precharge to CAS Active 
tRPC 

Time 

Serial Clock Cycle Time tsc 

Access Time from SAS II!! tSAC 

Access Time from SE II!! tSEA 

SAS Precharge Time tsp 

SAS Pulse Width tSAS 

SE Precharge Time tSEP 

SE Pulse Width tSE 

Serial Data Out Hold Time 

after SAS High 
tsoH 

Serial Output Buffer Turn Off 

Delay from SE 
tSEZ 

Serial Data In Set Up Time III tsos 

Serial Data In Hold Time HI tsoH 

MB 81461B-12 

Min Max 

0 25 

0 

0 

0 

0 

25 

25 

20 

40 50000 

40 

40 

10 

10 

25 

25 

10 

0 25 

0 

20 

MB81461B-12 
MB81461B-15 

MB 81461B-15 
Unit 

Min Max 

0 30 ns 

0 ns 

0 ns 

0 ns 

0 ns 

30 ns 

30 ns 

20 ns 

60 50000 ns 

60 ns 

50 ns 

20 ns 

20 ns 

45 ns 

45 ns 

10 ns 

0 30 ns 

0 ns 

25 ns 
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AC CHARACTERISTICS 

Parameter IIDID!I 

Transfer Command (TR) to RAS 
Set Up Time 

Transfer Command (TR) to RAS 
Hold Time 

Write Transfer Command (TR) to 
III RAS Hold Time 

Transfer Command (TR) to CAS 
Hold Time 

Transfer Command (TR) to SAS 
Lead Time 

Transfer Command (TR) to RAS m Lead Time 

Transfer Command (TR) Hold Time m 
from RAS 

First SAS Edge to Transfer Command 
Delay Time 

ME/WE to RAS Set Up Time 

ME/WE to RAS Hold Time 

Mask Data (MD) to RAS Set Up Time 

Mask Data (MD) to RAS Hold Time 

Serial Output Buffer Turn Off 
16 Delay from RAS 

Serial Output Buffer Turn On 
11!1 Delay from RAS 

SAS to RAS Set Up Time III 

RAS to SAS Delay Time 16 

Serial Data Input to SE Delay Time 

Serial Data Input Delay from RAS 16 

3-46 

Symbol 

tTS 

tRTH 

tRTHW 

tCTH 

tTS L 

tTRRL 

tTRRH 

tTSD 

tWSR 

t RWH 

t M5 

tMH 

tSDz 

tSRO 

tSRS 

tSRD 

tszE 

tSDD 

MB 81461B-12 MB 81461B-15 
Unit 

Min Max Min Max 

0 0 ns 

90 110 ns 

12 15 ns 

30 35 ns 

5 10 ns 

25 35 ns 

25 35 ns 

25 35 ns 

0 0 ns 

12 15 ns 

0 0 n. 

35 45 ns 

10 60 10 75 ns 

0 0 ns 

40 60 ns 

30 45 ns 

0 0 ns 

60 75 ns 



AC CHARACTERISTICS 

Parameter - Symbol 

Serial Data Input to RAS Delay Time III tszs 

Pseudo Transfer Command (SE) to 
l1li tES R RAS Set up Time 

Pseudo Transfer Command (SE) to 
l1li tREH RAS Hold Time 

Serial Write Enable Set up Time • tsws 

Serial Write Enable Hold Time • tSWH 

Serial Write Disable Set Up Time III tSWIS 

Serial Write Disable Hold Time • tSWIH 

Asynchronous Command (TR) to 
tys 

RAS Set Up Time 

Asynchronous Command (TR) to 
tYH RAS Hold Time 

Time between Transfer III tREFT 

NOTES: 
• An initial pause of 200JLS is required after power-up 

followed by any 8 RAS, 8 transfer, and 8 SAS cycle 
before proper device operation is achieved_ In case of 
using internal refresh counter, a minimum of 8 CAS
before-RAS initialization cycles instead of 8 RAS cycle 
are required_ 

II AC characteristics assume_ 
II V1H (min) and LIL (max) are reference levels for meas

uring timing of input signals. Also, transition times are 
measured between V1H (min) and V1L (max). 

• Assumes that tRCO ~ tRco (max). If tRCO is greater 
than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCO 
exceeds the value shown. 

.. Assumes that tRCO ~ tRCO lmax). 
II Measured with a load equivalent to 2 TTL loads and 

100pF. 

MB81461B-12 
MB81461B-15 

MB B1461B-12 MB 81461B-15 
Unit 

Min Max Min Max 

0 0 ns 

0 0 ns 

12 15 ns 

20 30 ns 

80 120 ns 

20 30 ns 

40 60 ns 

0 0 ns 

12 15 ns 

4 4 ms 

IJ Operation within the t RCO (max) limit insures that 
tRAC (max) can be met. tRCO (max) is specified as a 
reference point only; if t RCO is greater than the 'peci
fied t RCO (max) limit, then access time is controlled 
exclusively by tCAC' 

III t RCO (min) = tRAH (min) + 2tT (tT=5ns) + tAsc (min) 
iii Either tRRH or tRCH must be satisfied for a read cycle. 
IDl Measured with a load equivalent to 2 TTL loads and 

50pF. 
m Input mode only 
og Write transfer and pseuso write transfer only. 
III Read transfer only in the case that the previous trans

fer was write transfer. 
lEI Pseudo write transfer only. 
III If tREFT is not satisfied, 8 transfer and 8 SAS cycles 

before proper device operation is needed. 
III Either tozc or tozo must be satisfied. 
iii This timing specification is different from that of 

MB 81461. 
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READ CYCLE 

~================~~~tRC------------------------__ ~ J I tRAS;-------------------t.l-___ -.I. 

tCSH tRP 
~~::~~::::~tR~C:D::~~t:::======~tRSH----------~1 ,~ ~AS---------~,r__*------

MD/DQ VOH--___ ~ ___ _ 

(OUTPUT) VO~-
VALID DATA OUT 

MD/DQ 
(INPUT) 

~ 

CAS 

tOEZ 

D Don'tClr. 

WRITE CYCLE (EARLY WRITE) 

VIH- r:====================~=tRC------------------------~ II tRAS---------------1~------~ 
VIL -

teRs tCSH 

.:::L::t:========~tRS;HH=========t~,_----~--. ...,'*-_________ ............ tCAS-

V,L 

MD/DQ V,H~~~~~~_i~-Wr~~~ __ ~r_~---~-~~~---~~~~~ 
(INPUT) V,L -;i;:..:iO.l~~,.:..:...:.:..~\....; .... "'"'--=;:..:::.:.::.:.~ .... ..;.;..;..;........:....:;.~-.....:..;;;,;;.....:......:.~.:.:.......:...:.:.:a~ 
MD/DQ VOH-___ --:.: _______ HIGH.Z~ ___________________ __ 

(OUTPUT) VOL ~ • 

tYSII~ 

EEl Don't Care 

Note 1) When ME/WE = "H", all data on the MO/OO can be written into the cell. 
When ME/WE = "L", the data on the MO/OO are not written (masked) except for when MO/OO = "H" at the 
falling edge of RAS. 
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DELAYED WRITE CYCLE 

VIH -
RAS 

VIL -

CAS V,H 

V1L -

ADDRESSES ~:~ ~ 

Melwe VIM -

VtL -

MO/DO VIH _ 

(INPUT) V1L -

MOIDO 
(OUTPUT) 

TARlE 
VIH _ 

VIL -

o Don~c... 

Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 
When ME/WE = "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
fall ing edge of RAS. . 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High·Z state. 

RAS 
VIH-

VIL -

CAS 
VIH -

V1L -

V 1H -
ADDRESSES VIL-

MeIWe VIH -

VIL -

MDJDQ VIM -
(INPUT) VIL -

MD/DO 
(OUTPUT) 

TRICE 
V1H -

V1L -

READ·MODIFY·WRITE CYCLE 

tRSH 

tcAs-----Ir'-r-----

D Don'tClire 

Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 
When ME/W!: = "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 
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PAGE MODE READ CYCLE 

V1H -.-..J..+~~t-
VIL -

ADDRESSES ~IH-' 

IL-'-'~II 'Rr'if"~1 ~'------.--'r"fH'---:----I ~_~~ 
ME/WE ~:: =:=J II 

II--'RAC 
MO/OQ VOH - I I 
(OUTPUT) VOL _~~~~...;.II:...'~..,.:~: 
MD/DQ VIH-~ 

IINPUTI V,L -.--....,.,-t 

V,H _.~ .... -_ .... -,I 
VIL -

o Don'tCar. 

PAGE MODE WRITE CYCLE (EARLY WRITE) 

_______ . ____ .0"_ -----'R-A-S--'-R-C-------'-R-S-H-2-B-
RAS VIH -

V'L -

eAS 

MO/OQ 
IINPUTI 

MO/OQ 
IOUTPUTI 

.--J;JJ~~tI- teAs 
VIH .• 

VIL -" 

VOH ---~~----------HIGH.Z~'r'J-----------
VOL - II 

tYS~'--1tYH 

[:J Don't Car. 

Note 1) When ME/WE = "H", all data on the MD/DO can be written into the cell. 
When iiii1:/WE = "L", the data on the MD/DO are not written (masked) except for when MD/DO = "H" at the 
falling edge of RAS. 
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PAGE MODE DELAYED WRITE CYCLE 

liAS" VIH -

VIL -

CAS 
VIH-

V1L -

MD/DO V'H -
HNPUTI V1L -

MO/oO VOH -

(OUTPUTI VOL -

TRICE V 1H -

V 1L -

~EH 
\ .... ----o Don't eire ~ Valid 0_ In 

Note 1) When ME/WE = "H", all data on the MO/OO can be written into the cell. 
When ME/WE = "L", the data on the MO/OO are not written (masked) except for when MO/OO = "H" at the 
falling edge of RAS. 

Note 2) When TR/OE is kept "H" through a evcle, the MO/OO are kept High·Z state. 

RAS 

CAS 

MEIWE 

MDJOQ 
(INPUT) 

PAGE MODE READ·MODIFY·WRITE CYCLE 

V 1H _ 

V'L- 1}-----~------~----~tP-c--------~{T)--~~----~ 

v/H _ 

V'L-

VIH -• ...,r-""""ov-ri,------il 
VI L -• ..J"-_;fV' 

v IH-·~Ii-"""'-i. 
VIL-· ..... ',.,._..-# 

MD/DO VOH -
(OUTPUT) VOL .---+.---'-"iXXX}-

V,HJ"" ..... ---t-\I 
VIL-

Note 1) When ME/WE = "H", all data on the MO/OO can be written into the cell. 
When ME/WE = "L", the data on the MO/OO are not written (masked) except for when MO/OO = "H" at the 
falling edge of RAS. 
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RiU-ONL Y REFRESH CYCLE IMEJWE=Don't Care) 

~--------------------~·tAC----------------~ 
~H_~---------------J_r------------tAAs------------l~------------t 
VIL -

VIH_~~~ __ ~~~~~=-ir ____________ ~ __ ~ ____ -l------------
ADDRESSESVIL~~~~~~~~~~~~~~~~ ____ ~~~~~ __ ~ __________ __ 

~H-~~~~~~~----~------------------------------~----------

MD/DO VOH-
(OUTPUT) VOL _____________ .t----t---------HIGH.Z -------------------------

MD/DO 
(INPUT) 

VIH -
V · ----HIGH·Z 
IL-

ml!I Dan't C.re 

CAS.BEFORE·RAS REFRESH CYCLE (ADDRESS, ME/WE, TR/OE-Don't Care) 

VIH _-----------ir----tRI~S------~--------.....J. 
V1L -

MD/DO VOH-:=======> __________________________ ~ 
(OUTPUT) VOL -; IGH·Z:--------------------

MD/DO 
(INPUT) 

• Don'tC. .. 
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RAS 

~ 

HIDDEN REFRESH CYCLE 

r------------tRc-------------+----------tRc--~----~ 
--------~l~------tRAS------~~---------i~ tRAS----~.r-----~ V,H-

V'L-

tFcH--------I 
.----~~--~--~~----------Tr-----tCAS----------------~~~---II'H -

V,L -

VIH_.--------~~-L~--------~~~------~----~~--~~~~~ 
V,L --________ ':":'" 

MD/DO VOH -____ __ 
VALID DATA OUT 

(OUTPuT) VOL -

V,L -·--~:t-----:t_--":\I 

~L- ~~~--------------------------------JI 

MD/DO V,H - D---------------------HI GH-Z---------------------------
!INPUT) V,L -'-___ -'I" 

E2l Don't C ... 
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READ TRANSFER CYCLE* IMD/DQ = Don't Carel 

3-54 

IRC 

IRAS ----. 
IRP 1\ 

teRS 
t-

tCSH 

I F---IRCO IRSH-

~-d IRAH lAst 

tCAS 

~E f-. ~ CJ 
X R~~ SA~JlJM1)' '" "" 

AD • J- AD R " .' ",; 

tTS"! ~ L tTG 

ADDRESSES VVIH -
IL -

SAS 

SO 
(INPUT} 

SO 
(OUTPUT) 

tCTH- ' 
_--, lRTH 

-
SRr-

tRWH 

- .... "- .. 

V1H -----.;.;..---..:...+-----!... 
V1L -

VOH-___ -< 
VOL -

Previous row 

• In the case that the previous transfer is read transfer. 
If SE is low, the valid data will appear within !sAC or tSEA' 
These parameters are different from that of M B 81461. 

V I 

"::~, " " .,~',;:, ',' 

tTRRH .... I 

1. 

New row 

o Don'tCe", 
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READ TRANSFER CYCLE* (MD/DQ = Don't Care) 

~-------------------------tRC-------------------------4~ 
~-----------------·tRAS--------------~~ 

----~ I~~--------~ 
RAS 

V 1H-

V 1L-

~-----------------tCSHI-----------------H~ 
-4~-----------tRSH----------~ 

CAS 
V1H- --~--~------~,~------------tCAS--------~~~~----------------
V 1L-

ADDRESSES 
V 1H-

VIL-

TRIOE 
V1H-

V 1L-

MW/WE 
V1L-

SAS 
V 1H-

V 1L-

SE 
VIH-

V 1L-

SD VIH-
(INPUT) V 1L-

HIGH-Z------------------+I------------I------------I-----

SD V OH-
(OUTPUT) VOL 

o Don·tC8ra 

~ Inhibit of Rising Edge 

* In the case that the previous transfer is write transfer_ 
If SE is low and the previous cycle is serial write cycle, this should be valid data input. 
These parameters are different from that of M B 81461 . 
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RAS 

~ 

V1H 

VIL -

VIH 

VIL 

ADDRESSES V1H 
VIL 

V1H 
TRIO!" 

VIL 

VIH 
ME/WE 

VIL 

SAS 

VIH SE 
VIL 

SO VIH 
(INPUT) VIL 

SO VOH -

(OUTPUT) VOL -

WRITE TRANSFER CYCLE" (MO/OQ = Don't Carel 

tCRS 

HIGH·Z 

.; In the case that the previous transfer is write transfer . 
• *; If SE is high these data are not written into the SAM. 
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PSEUDO WRITE TRANSFER CYCLE (MDI DQ = Don't Care) 

tRC 

VIH _ tRAS 

RAS 
VIL -

tCSH tRP 

(;AS 
V1H -
VIL -

ADDRESSES VIH -
VIL-·-J'~~~'~/~~~~~-{1~ _______________ ~---------------------------__ tTno ~:: -=v t,...R_T_H_W ____________________________ "-_________________________ _ 

~~~~r------------------------------~-------------------------
t ESifit:--1e H 

VIH_ J T 
VIL----I' \~. _________________________________ ~--------------------------

tSRS 

VIH-
SAS 

SO 
(INPUT) 

SO VOH- VALID" 
(OUTPUT) VO L - DATA ==X~=J~f:jf--------------HIGH.Z--------

o Don'tCare 

m Inhibit of Rising Edge 

*. If SE is high, these data are not written into SAM. 
If SE is high, SO (500 to 503) are in High·Z state after tsez. 
If SE becomes low, the valid data will appear meeting t SAC and tSEA' 
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RAS 

TRIOE 

SAS 

so 
(INPUT) 

SERIAL READ CYCLE 

VIH 

VIH 

VIL 

VIL 

In the case of SE"="L" while the operation; 

SAS 

SO 
(OUTPUT) 

SO VIH -___________ HIGH-Z-----------------
(INPUT) V1L -

~ Invalid o.U iii Don't Care 
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RAS 

TR/OE 

SE 

SAS 

SO 
(OUTPUT) 

SO 
(INPUT) 

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

VIH-

VIL -

SERIAL WRITE CYCLE 

~"M ¥ tvs tYH 

I 
tSE 

tSAS tsp 

-----t---tsc 

MB81461B-12 
MB81461B-15 

VOH-
--------------------------------HIGH·Z-------------------------------------------

VO L-

VIH-

VIH-

In the case of SE="L" while the operation; 

VIH-

VIL-· ________________ ~====~~====+===~~=====I~~-

SAS 
VIH-

VIL -

SO VOH-
(OUTPUT) VOL-

SO VIH-
(INPUT) VIL -

D oon'tCa .. 
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Fig. 5 - CURRENT WAVEFORM (Vee = 5.5V, TA = 25·C) 

RAS/CAS CYCLE AAS·ONLY REFRESH CYCLE PAGE MODE CYCLE CAS.BEFORE-RAS REFRESH CYCLE 
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Fig. 5 - CURRENT WAVEFORM (Vee =5.5V, TA = 25·C) (cont'd) 
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TYPICAL CHARACTERISTICS CURVES 
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Fig.6 - NORMALIZED ACCESS TIME 
vs SUPPLY VOLTAGE 
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Fig. 8 - OPERATING CURRENT 
vs CYCLE RATE 
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Fig. 10 - OPERATING CURRENT 
YS AMBIENT TEMPERATURE 

VJc = 5.~V 
'--tRC = 230 ns 

-
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Fig. 7 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 
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Fig. 9 - OPERATING CURRENT 
vs SUPPLY VOLTAGE 

TA = ds·c 
-tRC = 230 ns 

-~ --
~ o 
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Vcc. SUPPLY VOLTAGE (V) 

Fig. 11 - STANDBY SURRENT 
vs SUPPLY VOLTAGE 

TA=JS·C 

l--~ ---
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Vcc. SUPPLY VOLTAGE (V) 
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Fig. 12 - STANDBY CURRENT 
VI AMBIENT TEMPERATURE 
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Fig. 14 - REFRESH CURRENT 1 
VI SUPPLY VOLTAGE 
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F.ig. 16 - PAGE MODE CURRENT 
VI SUPPLY VOLTAGE 

TA=k5°C 
-tpc = 120 ns 
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Fig. 13 - REFRESH CURRENT 1 
VI CYCLE RATE 

TA '= 250 J 
r-Vcc = 5.5V 
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Fig. 15 - PAGE MODE CURRENT 
vs CYCLE RATE 
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Fig. 17 - REFRESH CURRENT 2 
VI CYCLE RATE 
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VI SUPPLY VOLTAGE 
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Fig. 20 - TRANSFER MODE CURRENT 
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Fig. 19 - TRANSFER MODE CURRENT 
V. CYCLE RATE 
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Fig. 21 - RAM STANDBY/SAM ACTIVE CURRENT 
VI CYCLE RATE 
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Fig. 23 - RAM STANDBY/SAM ACTIVE CURRENT 
vs AMBIENT TEMPERATURE 

w 
> 
i= 

I J 
tse =40 ns 

u 50 
« Vee=5.5V-

~< 
seE >-

40 

"'I- 30 Cz zw 
«0: 
1-0: 
"':::> 20 
::;;u 
« 
0: 

10 
cD 
() 

.2 
-20 0 20 40 60 80 100 

TA • AMBIENT TEMPERATURE rCI 

3-63 



MB81461 B-12 
MB81461B-15 

3-64 
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-> 

Fig. 24 - ADDRESS AND DATA (DQ AND SO) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 26 - RAS, CAS, ME/WE, TR/OE, SE, SAS 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 28 - ACCESS TIME (RAM) 
vs LOAD CAPACITANCE 
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Fig. 25 - ADDRESS AND DATA (DQ AND SO) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 27 - RAS. CAS, ME/WE, TR/OE, SE, SAS INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 30 - DO OUTPUT CURRENT 
VI DO OUTPUT VOLTAGE 
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Fig. 32 - DO OUTPUT CURRENT 
VI DO OUTPUT VOLTAGE 
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Fig. 31 - SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 
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Fig. 33 - SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 
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PACKAGE DIMENSIONS 
PLASTIC DIP (SuffIx: ·P) PLASTIC ZIP (SuffIx: ·PSZ) 
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24-LEAD PLASTIC DUAL-IN·UNE PACKAGE 
(CASE No.: DlP·24P·M04) 

l[ ---; i'·MAX 

o i~~r~~~~~" .. ,,''':''''VP 
I l-.i j 
~1.,92~:m(30.28~~~gl---~ I (:'~~::~J 

.. 1987 FWITSU LIMITED 00I026S-l!C 

_~_~. l·207(S.2SIMAX 

_ j }"813.OIM'" 
.020(O.51IMAX 

Dimensions in 
inches (minimeters) 

~------~---------------------, 
24-LEAD PLASTIC ZIGZAG·IN-UNE PACJAGE 

(CASE No.: Zlp·24P-M02) 

[--- --"09:::l:I3''':g:lg'----l __ l 
o 0 .335<,010 

1Iu~fi'fi'Ffi=mffi'i:flfi'fi'Ffi=mffi'i:flfi'fi'Ffi=m'f'J'''' 

10 1987 FWITSU LIMITED Z24OO2S·1C 
Dlmenslons In 
inches (miHlmaters) 



November 1990 
Edition 2.0 

MB81C1501 

OJ 

DATA SHEET 
FUJITSU 

1 M BIT 3 PORT CMOS DYNAMIC FIELD MEMORY 

1,175,040 Bit 3 Port CMOS Dynamic Field Memory 
The Fujitsu MB81CI501 is a 293, 760-word x 4 bit (960 pixels x 306 lines) field memory. 
The MB81CI501 has a 3-port set-up (serial input: 1 port, serial output: 3 ports) allowing 
completely asynchronous and independent operation. 
This device supports both the FIFO image operation mode which requires no external 
address input, and memory mapping in 60 bits units. 
The MB81CI501 memory cell contains a dynemic refresh circuit. Refresh is performed 
during the routine read operation, etiminating the need for a special refresh cycle. 
When used, this device 1aciIitaIBs digital imagery processing for TV and VTR, which allows 
plotting of high resolution multi-functions. 
When two MB81CI501 units are used, (8 bit) field images compatible with both NTSC and 
PAL systems can be stored. 
The MB81CI501 fealUres a three-dmensional stacked capacitor cell, which has 
exceptional tolerance to alpha ray soft error and uses CMOS processing technology and 
high performance CMOS circuitry in peripheral circuits for low power consumption and high 
speed. 

FEATURES 
• 3 pori organization • Synchronous signal transfer capability 

One-293,760 word x 4 bit (serial write port) between multiple chips. 
Tw0-493,760 word x 4 bit (serial read pori) • Gate function for input clock on the 

for common memory cell array write side using WE 
960 x 306 x4 bit 

• Asynchronous input and output operation 

• NTSC and PAL compatible 

• Silicon gate 3~ayer polysilicon CMOS, 
I-transistor cell 

• Power: +5 V ±10% 

• Recursive mode: • Input and output are TIL compatible. 
Automatic increment for vertical and low input capacitance 
horizontal address counter 

• Nonrecursive mode: 
• 293,760 bit refresh cycle I 21 ms 

Specifiable vertical address and hori- • Internal substrate bias generator 
zontal address • Standard 38-pin flat package 

Note: Permanent device damage may occur If the above Absolute Maximum 
Radngs are exceeded. Functional operation should be restricted to 
the conditions as detailed In the operational sections of this data 
sheaL Exposure to absolute maximum rating conditions for extended 
periods may alfact device reliability. 

CoprrIgIllO 1lIII0 br FWITSU UMIlEO 

(FPT -38P-M01) 

PIN ASSIGNMENT 
(TOP VIEW) 

TRoIAOO. VA 
TR,/AOO, TRoIAOO. 

TSMlAODz CKRz 
CKR, 0020 
0010 0"", 
Don Do.. 
OOt2 0003 

00 13 oe. 
OE, VClRz 

VCLAo INC. 
INC, HClRz 

HCLAo 01HO 
WE DIN, 

VCLRo 01H2 
INC. 0 .. " 

HCLRo RM 
CKW. APM 

NC. NC. 

Vee Va 

This daYJce contain. c:irculby 10 _ ,he Inputl again., dan> 
agoduolOhlgh._ .. Itag_or_'IoIdo. _.111 
advlood thai normalp!8COUllono be ...... to avoid appIIcaIIon 01 
;:i:,.~~~or'hanmaxn..m_",,"-IO'hlo hlghlfn. 
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BLOCK DIAGRAM & PIN DESCRIPTION 

0 I0I0 ... ---1----.. 
HCLR, 

HCLA" 
VeLA, 
INC. 

VCLA" 
HCLR" 

INC. 
VCLA" 
INC. 

TR.,IADD. 
TR/ADD. 
TR"IADD. 

TSMiADD. 
DotOIll" 

AM 0 ....... 

APM 
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EXPLANATION OF FUNCTIONS 

RM 
Depending on the state of this pin, the operation mode of the MB81C1501 spins into two paths: recursive mode when "Wand 
nonrecursive mode when "lo. 

Recursive mode: This mode is used to access the 9SO x 306 memory cell sequentially from 0 to 293,759. Initialization is 
performed by input to the VClA" to. pin. When wr~ing, serial data is input when "HO on VClA" is latched to 
CKW. and is treated as 0 line 0 block data input. When reading, serial data is output as 0 line 0 block data alter 
a 64 clock delay from when an "H" on VClRt to. is latched to CKRt to •. 

Nonrecursive mode: This mode treats the 960 x 306 memory cell as 1 line and 16 blocks (60 bits). This mode controls lines with 
VClA" to • and INC. to .' and controls blocks wnh HClA" to.. The difference between the two modes is as 
follows: for write operations, serial data input when an "HO on HClA" is latched to CKW. is treated as data for 
line 0 block 0 in nonrecursive mode. In read operations, serial data output, delayed 64 clocks from when an 
"H" on HClRt to. is latched to CKRt to., is output as data for line 0 block 0 from read port 1 and 2 respectively in 
non recursive mode. 

APM 
This pin is required for the mode in which block addresses are present in one line of the wrne port. The address preset mode is valid 
only when RM is "l" (nonrecursive mode). When HClA" is latched to CKW. and this pin is "H", one ofthe sixteen blocks is selected by 
the 4 bits of ADD. to •. The pin must be "l" when the address-preset mode is not used. Multi-function pins (TR"fADD .. TAlADD" 
T5M/ADD .. and TR/ADD.,) can be used in this case for T5M and TR. to •. 

TRoIADDo, TR,/ADD" TSMlADD2, and TRz/ADD3 
These pins act as block address preset pins in the nonrecursive mode (RM = "l"), and when APM is "H" (address preset mode). 
When APM is "l", the pins act as synchronous transfer mode pins. 

• In address preset mode, using 4-bit binary data fed to input pins ADD. to 3' a horizontal line block (SO bits) of the write port can 
be selected from among sixteen blocks. 

• When T5M is "l" (master chip), a synchronizing signal for internal transfer timing with another MB81C1501 is output from TR" 
to.. When T5M is "H" (slave chip), the synchronizing signal is received from the other device. 

• TA" is an input-output pin for synchronous write transfer of the wrne port .. 

• TAt is an input-output pin for synchronous read transfer of read port 1. 

• TRa is an input-output pin for synchronous read transfer of read port 2. 

• When synchronous transfer mode is used, all of TAo, TRt, and TR., must be connected between master chip and slave chip. 

• But when there are unused ports (for example, in case that read port isn't used), slave side synchronous transfer signal input 
pins (for example, TR.) of the ports must be set "l" certainly. 

CKWo 
The rise timing of this pin generates the signal that latches data onto the shift register of the input pins 0 ... to. and the input of each 
internal address point control pin (VClA., HClA., INC.). This signal is also the basic signal for activation control of the internal 
clock-synchronization logic circuit and of the dynamic RAM. Therefore, the clock must operate whether there is a write operation or 
not. 
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VCLRo 
This pin has different functions for recursive mode {when RM = "Hi and for nonrecursive mode {when RM - "l i. 
The number of VClA" is not counted until"W is latched to each CKW. after "l" is recognized. Even if "H" continues, ~ will only be 
counted once. 

In recursive mode: When the "H" on VClA" is latched to CKW., serial write data input is read as (O, 0). Input data of less than 
one block (60 b~s) entered is disregarded. 

In nonrecursive mode: When the "H" on VClA" is latched to CKW .. the shift register advances until the block (60 bb) during the 
current serial wr~e operation is filled. Then the line is cleared. When VClA" is input during serial write 
operations, after the input of 60 b~s is completed, the serial wr~e data is transferred to the memory cell of 
(v, h), and the subsequent data for serial write operation is transferred to the memory cell of (O, h+ 1). 

HCLRo 
When an "Won this pin is latched to CKW., the input data is read as data of (v, 0) data from the input data at that time. Data of less 
than one block (60 bks) entered up to that point is eliminated. But, input to this pin is invalid in recursive mode (when RM - "H"). 
The count number of HClA" is not counted unless the "W is latched to each CKW. after "l" is recognized. Even if"W continues, ~ is 
only counted once. 

INCo 
A line is incremented for each time this pin's "W is latched to CKW .. There are two ways that the incremented line can be valid: first, 
when an "H" on HClA" is latched, and second, when the sMt register advances up to the end of a block after the "H" on VClA" is 
latched. But, signals to this pin have no meaning in recursive mode {when RM z "Hi. 
The count number of INC. is not counted unless the "H" is latched to each CKW. after "l" is recognized. Even if "W continues, ~ is 
only counted once. 
When combined w~h VClA", the next 60 bb data is input into the (n, h+ 1) memory cell. n is the count number of INC. counted from 
the status that VClA" is latched to CKW. until the current write in shift register is filled up to 60 bb. 
But, if INC. and VClA" occur at the same time, INC. is invalid. 
When combined with HClA", the next 60 bits data is input into the (v+n, 0) memory cell. n is the count number of INC. counted from 
the status that HCLA" is.latched to CKW. last time to the current latch status. 
But, if INC. and HClA" occur at the same time, INC. is invalid. 

CKR1,2 
At the rise timing of this pin the shift register of the read port operates, and the signals to output data to the output pins Do,. to 13 and 
0020 to .. ' and to latch the input of each internal address pointer control pins {VClR"., HClR"., INC, . .! are generated. 

VCLR1,2 

This terminal has different functions in the recursive mode (RM = "H") and the non recursive mode {RM - "l i. 
The VClR, .• count number is not counted unless the "H" is latched to each CKR". after "l" is recognized. Even if "H" continues, it is 
only counted once. 

In recursive mode: When the "Won VClR, , • is latched to CKR, .• , (O, 0) data is output with 64 clocks delay from that time. 
Meanwhile the shHt register data (60 bits) in sMt is output to its end, and the final output is saved. 

In nonrecursive mode: When the "H" on VClR, .• is latched to CKR,.2' the current serial read block is output, and after output of the 
next 60 bit block, the block which continues the cleared line begins to be output. Therefore, VClR, .• is 
latched and a line of the internal address counter is cleared. At this time, data for the next serial output (v, 
h+ 1) has already been transferred to the data register from the memory cell, and the data (O, h+2) is 
transferred with the data (v, h+ 1) is output, and next the (O, h+2) data is output. 
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HCLR1,z 
When the"W ofthis pin is latched to CKR" .. the data (v, 0) is output with 64 clocks delay from thallime. Meanwhile, shift register data 
in shift is output to its end and the last output is saved. When the RM pin is "H", signals to this pin have no meaning. 
The HClR". count number is not counted unless the "H" is latched to each CKR". after"l "is recognized. Even H "H" continues, it is 
only counted once. 

INC1,2 
A line is incremented for each time this pin's "H" is latched to CKR" •. There are two ways for the incremented line to be valid: first, 
when the 'Won HClR". is latched, and second, when the line address is latched at 56 clocks of the block after the 'Won VCLA, ,. is 
latched. But, signals to this pin have no meaning in recursive mode (when RM _ "H"). 
The INC". count number is not counted unless the 'W is latched to each CKR, ,. after"L • is recognized. Even if"H" continues, it is only 
counted once. 
When combined with VClR" .. after the next data from the shift register should be output into the (n, 11+2) memory cell. n is the count 
number of INC". counted while VClR". is latched to each CKR". before 55 clocks block. 
When INC". and VClR". occurs at the same time, INC". is invalid. 
When combined with HClR" .. the shift register data is output from HClR". with 64 clocks delay into (v+n, 0) memory cell. n is count 
number of INC". counted from when HCLR". is latched to each CKR".last time until HClR". is latched at this time. 
When INC". and HClR". occur at the same time, INC,,.is valid. 

DATA INPUT (D1NO to 3) 

Information to the data input pin is accepted and input into the shift register on the rising edge timing of CKW. with ~ is the"L" state. 
When ~ is "H", input data is not accepted and the write shift register does not operate (gate function of write clock). 
Shift register input is executed immediately but after one block (60 bits) has been input into the memory cell, it is loaded into the data 
register, and is transferred from the data register to the memory cell until the shift register is fulled with new data. Thus, serial write 
data input delay serial write, is transferred to the memory cell with a one block delay. 

INPUT CONTROL (WE) 
WE excutes input control to D, .. to 3' When WE is 'l", synchronous input to CKW. is enabled. When We is "H", input is not acceptable 
and the operation of the shift of the write shift register is stopped, This is used when data input is sparse (WE gate function of on the 
write side of the input cycle (CKW.)). 

DATA OUTPUT (0010 to 13, D02Ot023) 

The output buffer employs a three state m level, output is enabled when OE". is "l" and data is output synchronous with CKR" .. 
Output goes to high impedance for oW, the shift register operates synchronously with CKR". and executes transferbelween memory 
cell,and data register and loading between data register and shift register. 
Output from the shift register is always executed, data during output is data transferred to the shift register from a memory cell one 
block before the current output block. 

OUTPUT CONTROL (OE1,2) 
OE, controls only the outpJ!!.pins Do,. to ,a' OE. controls only the output of pins 0020 to .. and does not stop the oper~n of the read 
pori shift register. When OE". is "l", 001. to .. and 0020 to'3 output is enabled, a synchronous with CKR" •. When OE". is "H", the 
output is high impedance state, and a synchronous with CKR" .. 
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FUNCTION TABLE 
FUNCTION TABLE-1 <OPERATION MODE> 

Recursive mode, 
H L L Valid Data Output transfer synchronous mode output 

Recursive mode, 
H H L Valid Data Input transfer synchronous mode input 

Nonrecursive mode, 
L L L Valid Data Output transfer synchronous mode output 

Nonrecursive mode, 
L H L Valid Data Input transfer synchronous mode input 

Nonrecursive mode, 
L H Valid Data Input address preset mode 

H: High level L: Low level 

ADDRESS - BLOCK CORRESPONDENCE TABLE 

H: High level L: Low level 
NOTE: The block number increases wnh each wrne or read of a line. 
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FUNCTION TABLE-2 <WRITE> 

Nonracursiw 
mode 

Nonracursiw 
address preset 

mode 

Note. 

1. (v. h)v: line address (0 to 305) at control signal input 
(v. h)h: Block address (0 to 15) at control signal input 

2. Directly sat the mode design signal (RM. APM) to oW or "l". 

3. H: oW level is latched by CKW •. 
nH: "H"level is latched n times by CKW •. 

MB81C1501 

4. 60 b~s of input data are read from VClRo. in recursive mode. In non recursive mode. data read starts w~h the data latched 
by CKW simultaneously w~h HClRo. If VClR. and HClR. are input before the full 60 bits of data is input. the data is invalid. 

5. When the APM signal is low. the T5M pin is invalid and both the read port and the wr~e port enter the transfer synchronous 
mode. A Iowan the T5M pin puts the MB81C1S0l into the master operation mode. In this mode the device outputs an 
internal transfer timing synchronization signal to the slave MB81 CISOI. A high on the T5M pin puts the device into the 
slave mode: and ~ receives the synchronization signal from the master MB81 C1S01. 

6. Block address (ADDO to 3) at address presat mode must be latched wtth CKW. and HClRo at the same time. 
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FUNCTION TABLE~ <READ> 

NonlllCUrsive 
mode 

H : "H'level is latched by CKR" .. 
nH: 'W leval is latched n times by CKR"., 

H H nH 

60 bits of output data are output from VClR"., in recursive mode, or from HClR". in nonrecursive mode with a 
64-cIock-cycle delay. 

-3. H VClR". or HClR". is input during output of a block, the data of the output block or the next block Is protected in 60 bit 
units. Until the new data is output, the latest data is protected. 

-4. When the numbarof blocks (VClR". to VClR"., HClR". to HClR".1 is sat to a muhiple of 60 clock cycles, continuous data 
access is possible. 
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RECOMMENDED OPERATING CONDITIONS 

Vee 4.5 5.0 5.5 V 
Supply voltage [j] 

v .. o o o V 

Operating temperature o 70 

CAPACITANCE 

Input capacitance CON 7 pF 

Output capacitance (Do •• to DOZJ) CD 7 pF 

110 capacitance (1R. to TRa) c,. 10 pF 

AC TEST CONDITIONS 

1) Input 2) Output 

VON = 2.4 V/ ) High impedance 

VOL - 0.6 V'\" .... __ -J. 

3) Data output load (Do •• to 0.,..) 4) Transfer synchronous output load (TRo to TR.J 

140pF O--f-3-0pF-~---1 0--1..,.---0 
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DC CHARACTERISTICS 

Operating current #1 11 Iscwo - 70 ns, lac .... - 70 ns 4S rnA 

Operating current #2 11 Iscwo - 70 ns, Isc., .• - 35 ns 60 mA 
Icc, 

Operating current #3 11 Iscwo - 50 ns, Isc., .• a 50 ns 60 rnA 

Operating current #4 J]J Iscwo - 50 ns, Isc.. .• - 30 ns 75 mA 

Refresh current ITIl Iscwo - 420 ns, lac .... - 70 ns Icc. 20 rnA 

Input leakage current o V s V .. S 5.5 V, VCC=5.5V, VSS=OV I~ll -10 10 IIA 

All other pins not under test is OV 

Output leakage current output impedance, 0 V s Voor s 5.5 V ~ll -10 10 IIA 

Input High Voftage (] all input pins V .. 2.4 6.5 V 

Input Low Voltage [j] all input pins V .. -2.0 0.8 V 

Output High Voltage [j] IoH _-2 mA VOH 2.4 V 

Output low Voltage [j] IoL - 4.2 mA VOL 0.4 V 
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AC CHARACTERISTICS 

TAo 
TRI • TR2 
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Notes: 
1. Referenced to V. 
2. Icc depends on cycle time and output load conditions. The specified values are obtained with the output open. 
3. WE - "H": one read port active 
4. An initial pause of 2001&5 is required alter power-up followed by dummy cycle before proper device operation For dummy 

cycle, a minimum of one VClR is required in recursive mode, and VClR and HClR for non-recursive mode. 
S AC test conditions: Input pulse level 0 V to 3 V 

6 2 TTL + 30 pF load 
7 40 pF load 
8 Number of t.cw pulses 

Rise and fall time of input pulse tr - 5 ns 
Standard voltage level for timing calibrations Input V'H - 2.4 V 

V'L - 0.8 V 
OutputVOII - 2.4 V 

V04. - 0.6 V 

9 This parameter for a read port assures the refresh operation. When two read ports are used, one of them is controlled by 
this parameter, and the other one is not. 

10 The maximum cycle timU!l.the write port (t.cw) can be extended to twice the cycle time (Ise.) of the faster read port. For the 
refresh operation, when WE is "H" and one of the read ports is active, the write cycle time (t.cw) can be extended to six times 
the read cycle time(Ise.). When refresh power is minimal, the read cycle time (Ise,.) is 70 ns and write cycle time (t.cw) is 420 
ns. 
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Co) 
I ..... 

CD 

WrHe port 

CKWo 
VIH-
Vll-

VClRo VIH- ...It---:i.. t ••• I I I I I I I I I 
Vll-

HClRo 
VIH-
Vll-

INCo 
VIH-
Vll-

WE 
VIH-
Vll-

DINOto 3 
VIH-
Vll-

(*2) 
ADDo to 3 VIH-

Vll-

*1 H VClRo or HClRo is recieved before the entire block (60 bits) is input. the block is canceled instead of written. 

*2 
OJ: "H"or"l" 

Address preset mode only 

I 

::::! 
:5: -z 
C) 

C -» 
C) 
:xl » 
:5: 

:: 
to 
Q) ... 
o ... 
g ... 



t o 

Read port 

CKRI 

VClRl 

HClRl 

INCI 

OEI 

VIH'" 
VIl-

VtH
VIl-

VIIi"" 

VIL-

VIH"" 
VIL-

VIH"" 
VIL-

VOH
Oo10t013 Va.-

*1 Period of fixed output 
_: Invalid data 

!!: 
m 
OCI .... 
o .... 
~ .... 



TRANSFER SYNCHRONOUS MODE (MASTER CHIp) 

CKWo 
VIIt" 
VI--

TAo VfM" 
(output) Va..-

TAu VOH-
(output) Va..-

TRANSFER SYNCHRONOUS MODE (SLAVE CHIp) 

VIIt" 
CKWo 

VIL-

TAo VIIt" 
(input) VIL-

----------------~i\~'------------~~ d' ~p t!~ ____ _ TRu VIIt" 
(input) VL-

!!: 

= .... 
o .... 

't' 
S .... 

CD .... 

I 



~ RECURSIVE MODE (WRlm 
1) INIT1AL CYCLE (VI! = "L ", HCLRo AND INC. ARE DISABLE. ) 

01235859 

CKW. 

I 
I VCLRoJ! • rlL ____ -!, _____ _ 

I. 960(60x16)xv+60xh+aclocks I I 
(a=01059) I 

I I 012358591 
I I I 

DIN 0 1 2 3 58 59 Q 1 2 3 4 5 56 57 58 59 () 1 2 3 &-1 a q 1 2 3 4 5 6 

DATA:XJCXJCX~XJaxJCXJCXJCXJCXJCXbcxJC~cxJCXJCX~XJaxJCXJCXJCX 

~ i i + I o line 0 block --fo- 0 line 1 block - v line h-1 --I- v line h block 0 line 0 block --01-- 0 line 0 block 
write I write block write I write write I write 

I I I 
I • I I I 
I I I 

TAo I. r-l • r-1 I. r*1 I H r'"1-
Iii 

I 0 line 0 block v line h-2 block I v line h-1 block write transfer I 0 line 0 block write 
I write transfer write transfer I I transfer 
I 1 1 

NOTE 
1 ) In case that VClRo is input at 960 x v + 60 x h + a ( a = 0 10 59 ) clock from the previous VCLA. clock, the input date at the 

same time with VClR. is input from 0 block as the data of 0 line. 
2) Input data in write cycle 01 v line h block 11/8 invalid . 

• 1 In case thatTSM pin = "L", TAo is automatically oulput synchronously with CKW •. 
In case of synchronous transfer between two chips, TRo is automatically IransfenKI between two chips. 

i: 
m 
Q) ... 
o ... 
g ... 
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RECURSIVE MODE (WRITE) 
2) NORMAL CYCLE ( YCLRo • -L -, HCLRo AND !NCo ARE DISABLE. ) 

CKW. 

~~ . . 
1 1 1 1 

0 .. 01235758 59012345545558575859 1 1 
DATA r- vlnehblockwrlle v line h+1block - vline15black + v+1lineOblack + v+11ine1 

1 write wrIIe 1 wriw I black write 

I 1 I 
I 1 I 
I I I 
I I I 

TAo I r+1. In I n I. n I I r--t.. 
I I I 
1 v line h-1 block v line h block wri1a v line 14 block wrIIe I v line 15 block write I v+ 1 line 0 black 
I write tranafar 1nImII8r translar I lranlfar I write Iran.fer 

NOTE 
1 ) Allar v line 15 block wrIIe, next data i. autamaIIcaIly wriIIan flam 0 block 01 next line. 
2 ) Allar 305 line 15 block wrIIe, next data is aullll1l8llcally wriIIan flam 0 block 01 next line. 
3) In cuelhat wr: • "H", input daIa il invalid. 

EEl "H" or "L" 

~ 

If .... 
n .... 
~ 
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NON " RECURSIVE MODE (WRITE) 

1) INmAL CYCLE ( INCo • WE • -L" ) 

CKWo 

VCLA. 

1 
1 

0123 ... 5859 1. 

I r-:---------r-------T-~ I 
• I I • I 

I I I 
I 1 I 

HCLR..I1 • I In. I 
I" ... h .. -. I I I I (hOI059) I I I 

I I I 
I I I • • 0123 ... 5859. 

0,.01235859012356575859012358590123 a 0123 
DATA 

~ y line 0 block 
write 

I I t Y line 1 -- Y line h-2 T y line h-1 block 
I block write block write I write 

I I 
I I 
I *1 I 

-'-II 0 or y line 4- 0 line 0 block 
I h block write write 

I 
I 

1 
--'-- 0 line 1 

I block write 
I 
I 
I 
1 

TAo • I I 
~--~~ ~-.~ 

I 
I I 

NOTE 

y line 0 
block write 
transfer 

yline h-3 
block write 
transfer 

y line h-2 block 
write transfer 

y line h-1 block 
write transfer 

o line 0 block 
write transfer 

1 ) In caaelhat HCLRo is input at \he same time or afIer VCLRo al60 x h + a (&=0 10 59) dock from \he previous HCLRo clock. the input data 
concurren1ly with HCLRo is inpulfrom 0 line as \he dale of 0 line. However, it is necassary 10 input VClRo between 60 x (h-1 ) + 1 clock 
and 60 x h + a clock from the pravioua HCLRoclock. 

2 ) Input dale in write cyde of y line h block Is invalid . 

• 1 In caaelhat TSM pin a "l", TRo is automatically output synchronously with CKWo. 
In case of synchronous transfer between two chips, TAo is automatically transfered between two chips. 

i!: 
ED 
Q) 
~ 

o 
~ 

g 
~ 
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NON-RECURSIVE MODE (WRITE) 
2) NORMAL CYCLE ( VCLRo • HCLRo = INCo • "L" ) 

CKWo 

WE ---, , , , 
I 

DIN 0 2 

, 
1 
1 
I 

357585901234 

1 
1 
1 
1 

55565758591 
DATA :Jq ····'">!:m.:~I4;_t-.~~· 

TAo 

, 1 1 , - v nne h block write .,. v nne h+ 1 - v nne 15 --I , 1 block write block block 1 , 1 1 , 1 1 , 
I 

1 1 
_-i-__ ""r-l. I. 11 • 11 I. 11 .. __ -i-____ _ 

v line h-1 bock write transler 1 v line h block v line 14 block 1 v line 15 block 
1 write transfer write transfer 1 write transfer 
1 1 

1 ) The input data alter v line 15 block write is invalid. And Ihe device re-operates by HCLRo clock. 
2) In case lllat ~ = "L", input data is invalid. 

.. "H"or"L" 

!!: 
m 
OCI .... 
(') .... 
g .... 



* NON' RECURSIVE MODE (WRITE) 
3) FIRST BLOCK CYCLE ( VCLRt • !NCo .. WE .. "L· ) 

CKWo 

o 1 2 3 

I 
I 

58 59 I 

I I I I 
I I I I 
I n I I I 

HCLAo I • I • I • I • 

I -1 I I I 6Oxhuclocks I I I 

~~s I I I 
I 0123 5859 I I I 

D'N 0123 a 0123585901235859012358590123 
DATA 

I I I I I I 
10- v 6ne h + v line 0 block -010- v line 1 block --'- v line 2 block -010- v line 3 block -I-- v line 4 block 
I block write write I write I write I write I write 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

TAo I. r*'1 • II r*'11 I. r*'1. I B r*'1. I B r+l..... 
I v line h-l block write transfer I v line 0 block I v line 1 block I v line 2 block I v line 3 block 
I I write transfer I write transfer I write transfer I write transfer 
I I I I I 
I I I I I 

NOTE 

1 ) In case that HCLRo is input at 60 x h + a (a = 0 to 59 ) clock from the previous HCLRo clock, the data is input from input data at the same with 
HCLRo to 0 block as data 01 v line. 

2 ) Input data in write cycle 01 v line h block is invalid. 

a: m 
01) -o -g -



t ..., 

NOH· RECURSIVE MODE (WRITE) 
4) UNE ADDRESS CYCLE ( VClR. = WE. "l" ) 

CKW. 

2 

INC. 

o 1 2 3 

n 

I 
I 

58 59 I 

I I I I 
I I I I 

HCLR"JI • I In. I • I I I I I I I I 6Oxh+8Cbcks I I I 
I ( a = 0 to 59) I I I 

! ! 01235859! ! 
D'N 012358590123565758590123 a 0123585901 

DATA x:x 
I - I I - I -- I I 
r v line 0 block + v line 1 - v line h-1 + Y line + Y+Illine 0 block + v+n line 1 block + 

write I block write block write I h block write I write I 
I I wnte I I 
I I I I 
I I I I 

TR" • r+1 I. r+1 • r+11 • r+1 • I. r*1. I 
II v line 0 block v line h-2 II Y line h-1 block write II v+n line 0 block II 
I write transfer block write I transfer I write transfer I 

transfer 

NOTE 
1 ) In case thatlNCois input n times while HClRo is input at 60 x h + a (a = 0 to 59) clock from the clock input previous HClRoclock.1he data 

is inputlrom input data at the same time with HClRo to 0 bbck as data of v+n line. 
2 ) The input INCo input after HClR.cIock is invalid. 

I 

!!: 
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~ 
CD 

NON-RECURSIVE MODE (WRITE) 
5) YCLR. SPECIAL CYCLE No. 1 ( HCLRo.INCo = Vi! • -L - ) 

CKW. 

1 1 
Ir-r--------,.J, 

VCLA. 
+-1 ----!-Ii' r 'I ..... ' ----+0----+ 

1 from previous input HCLRo I f'Xh+1 to 6OX~h+1)cIocks I I 
~ 0123 ~S0123 ~S0123 ~SOl 23 ~SOl 23 ~s 

DATA 

1 1 1 1 I 
I- v line 11-1 block --+- v fine h block write-+- 0 line h+ 1 block -+- 0 line h+2 block -+- 0 fine h+3 block 
1 wriIe 1 I write 1 write 1 write 
1 1 I 1 I 
1 1 1 I I 
1 1 1 I I 
~. I. r-l. I. r-l. I. r*l. I. r-l"'-t.~_ TAo 
1 v line h ~ block 1 v fine 11-1 block I v line h block 1 0 line h+ 1 block I 0 fine h+2 block 
1 write InIn8fer 1 wri18 transfer I wri18 transfer 1 wri18 transfer 1 wri18 transfer 
I I I I I 

NOTE 
1 ) In case lllat VCLRo is input between 60 x h + 1 and 60 x (h + 1) dock from the previous HCLRo dock, ef\IIr v tine h block write, line 

addrel8 is reset only end written et h + 1 block as ilia data of 0 line conIinuoully. 

!!: 
m 
Q) ..... 
9 
g 



t co 

NON-RECURSIVE MODE (WRITE) _ 
5) VClR. SPECIAL CYCLE No. 2 (HClR.= WE '" "l" ) 

CKW. 

, I , 'r-r--------,-, I I VClA. I I. _ . . I I 

!~ p~~ous input Hcl. l I ! ! 
I 6Oxh+1 to 60x(h+1) clocks I I 
I I 1 n I I 

INC. I I ru*LJT1 I I 
I I I I I 
I I I I I 

~ 01 23 ~~01 23 ~~01 23 ~~01 23 ~~01 23 ~~ 

DATA:XpCK)~~K)~)CK)~)C~C()C~C(~()C(~()C(pC()~):CX 

TA. 

I I i I I 
Io-v line h-1 block -I- v line h block -+- n line h+1 block -I- n line h+2 block -i-- n line h+3 block 
I write I write I write I write I write 
I I I I I 
I I I I I 
I I I I I 
~. I. r-l II I. r-l. I. r-l. I. r-l~. __ _ 
I v line h-2 block I v line h-1 block I v line h block I n line h+1 block I n line h+2 block 
I write transfer I write transfer I write transfer I write transfer I write transfer 

NOTE 
1 ) In case that INCo is input n times after VelRo is input bslween 60 x h + 1 end 60 x ( h+ 1 ) clock from the previous HClR. clock, line 

address is ~set only after v line h block write and writlen at h + 1 block as data of 0 line. 
2 ) The input INCo at the same time with VClRo clock is invalid. 

I 

a: 
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~ o 
NON- RECURSIVE MODE (WRITE) 

5) VCl'" SPECIAL CYCLE No. 3 (~ = "l" ) 

CKW. 

1 2 3 

J 
J 

58 59 J 

J J 

VClA. ! ! rll -- -- ---- ~-11 .. , ----.... !----....... 
J I J 
J from previous input HClRo J 
J 6Oxh+1 to 60x(h+a) clocks(a=1to59)1 
J J 1 n J 

INC. I I nJ"l.,...J'lL.------tI------+------
HClA. I I rl~ _____ I~----~ 

J J J 
! ! 01235859! 

D'N 0 1 2 3 58 59 0 1 2 3 a-2 a-1 a 0 1 2 3 58 59 0 1 2 3 58 59 

DATA:xOCXJ~:c)C~CXJC~~JC)C()CX~XJCXJC)C~CXJaXJ~:()CCX 
J J I J J I- v I!ne h-l block + v I!ne h block + n I!ne 0 block + n I!ne 1 block + n line 2 block 
J wnte J wnte wnte J wnte J wnte 

J J J J 

TAo 
J J J J 

~. I. r+1 • I. r+1. I. r+1 ....... __ 
I v line h-2 block I v line h-1 block write transfer I n line 0 block I n line 1 block 
J wri1e transfer J J write transfer J write transfer 

J J J J 

NOTE 
1 ) In case that HClRo is input after INCo is input n times while VClRo is input at 60 x h + a ( a = 1 to 59 ) clock from !he previous 

HClRo clock • !he data is input at !he same time with HClRo from 0 block as data 01 0 line. 
2) The input INCo at !he same time or belore VClRoclock is invalid. And !he input INCo at !he same time or before HCLRo clock 

Isvalid. 
3 ) Input data in write cycle 01 v line h block is invalid. 

!!: 
i .... 
o .... 
g .... 



(0) 
I 

CD ... 

RECURSIVE MODE (READ) 
1) INITIAL CYCLE ( HCLR. ,. INC, • Ol •• ftL ft ) 

1 234 

CKR, 
-�----~-I-------~-I-----~I-----~I----

VClR, Jfl I I rrt-. I ~ 
I I I I I 
I 960 (60 x 16) x v + 60 x h + a clocks I I 
I . (a=59), I I 
1----- 64 CLOCKS D!=LAY --...I I 1----- 64 CLOCKS D!=LAY --
I I I I I I 

Dour 
DATA 

I I 0 1 2 54 55,56 57 58 59 0 55,56 57 58 59 0- 1 

I 
I 
I 
I 

~ 0 line 0 block 
read 

- I 
I. I . 

T v line + v line h-1 block 
I h-2 block read 

I data holding for -+ 59clocks 
I Oline -t- o block 

TR,_ ...... __ 

NOTE 

o line Oblock 
read transfer 

I 
I 

o line 1 block v line h-1 
read transfer block read 

transfer 

I read 

I 

y line h block 
read transfer 

o line 0 block 
read transfer 

i 
I 

o nne 1 block 
read transfer 

1 ) In case !hat VClR, is input at 960 x v + 60 x h + II (a = 0 10 59) clock from !he previous VClR, clock, !he last output data in v line h-l 
block is held during a ( a ,; 0 10 59 ) clocks. Then !he data of 0 line is output from 0 block. 

( The data of 0 line 0 block is output 64 clocks laler after VClR,. ) 
2) Transfer data of v Une h block is invalid. 

I 

read 

i: 
CD 
CO ... 
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~ 
CD 
I\) 

I 
RECURSIVE MODE (READ) _ 

2) NORMAL CYCLE ( HCLR ... INC. .. OE. = "L" ) 

CKR. 

VCLR • ..JT1 I 

Dour 
DATA 

TA. 

NOTE 

I I 
I 960 (f1O x 16) x 306 clocks I I 

~ ___ 64 CLOCKS OkLAY -- J ~---- 64 CLOCKS OELA~ ____ J 
I I l I I l 
I I a 1 2 3 5455,56575859 a 1 5455;56575859 a 12 3 4 

I ! ~ a line a block - 305 line 14 -+-- 305 line 15 ~IOCk -+- a line a block 
I I read blc;>ek read read read 

I ...... 1r+1 I , ~ , HI. H r*"l I • r*"l I B r*'"1L ____ _ 

I a line a block I a line 1 block 305 line 15 block I aline a block read I 0 line 1 block read 
I read transfer I read transfer read trSAsfer I transfer I transfer 
I I I I 
I I I I 

1 ) In recursiw mode, it is possible to read 306 line 16 block in sequence by clock input only, 
2 ) The data of a line is output from a block 64 clocks later after VCLA. clock. 

a:::: m 
Q) .... 
o .... 
g .... 



~ 
Co) 

NON· RECURSIVE MODE (REA~ 
1) IN111AL CYCLE ( INC.. OEI • "L" ) 

1 2 3 4 

CKR, 

" 't-r--------'1~ 
" ,. . '1--VClR, 

" " 
HCLR, Jh I I rlL 

" " I, '" , ,60Xh+8C~Cks, , , 
, • J (a - 59), , • J 
r---- 64 ClOC~ DELAY --l ' r---- 64 CLOCKS D,ELAY --l 

DOUT ' , 0 1 2 54 55'56 57 5859 0 55'56 57 58 59 , 0 

D~A·xJtxJC~DCjJCXJC~CX)C~:ciJCXJC~=c~CXJC~::~====~C 

TR, __ .-_ 

NOTE 

o line 0 block 
read transfer 

o line 1 block 
read transfer 

~ v line 0 block -' v line h-2 +v line ~1 block --+- data ~lding dUri~ 0 line 
read block read read 59 clocks 0 block 

I read , 
v line h-1 block 0 or v line h block 
read transer read transfer 

, 0 line 0 block 
, read transfer , , 

o line 1 block 
read transfer 

1 ) In case lllat HClR, is input at 60 x h + a ( a = 0 to 59 ) clock from Ihe previous HClR, clock atlhe same time or af1IerVClR, clock, 
the last output data in v tine h-l block is held during a ( a = 0 to 59 ) docks. Then the dara of 0 Hne is output from 0 block. 
(Th&daraofO Hne 0 block Is output 64 docks law afIer HClR,.) 
However, it is necessary to input VClA, belWeen 60 x (h-l ) + 1 and 60 x h + a clock from Ihe previous VClR,. 

2 ) Transfer cycle of 0 or v line h block is invalid. 

I 

i: 
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; 
NON· RECURSIVE MODE (READ) _ 

2) NORMAL CYCLE (VCLR,. HCLR, • INC, • OE, • -L - ) 

CKR, 

1 
1 
1 
1 

1 
1 
1 
! 

54555657585!1 0 1 

1 
1 
1 
! 

54555657565901 54 55 56 57 58 59 DOUT 55156 57 56 59 0 

DA~~~)C~:CX=CX~K)CC~~=C~c()c~:C~CXJCK)CC~==::==:: 

-+-- v line 13 block reed --+- v line 14 ~Iock read -+- v line 15 block reed -+- v line 15 block's 
data 59 is held. 

v line 12 block 
read 

i 
TR, 
~ • r+1~ __ ~ ____________________ __ 
1 v line 14 block reed v line 15 block read 
1 transfer transfer 
1 
1 

NOTE 
1 ) In case that data is output tin v line 15 block, the last output data 0115 block ia held IiII new data is output by HCLR,. 

!: m 
Q) .... 
o .... 
~ .... 



Co) . 
co en 

NON· RECURSIVE MODE (READ) _ 
3) FIRST BLOCK CYCLE ( HCLR, = INC, " OE, " "L" ) 

1 2 3 4 

CKR, 

~ m I I 
60 x h + a clocks (a = 59) 
from previous input HCLR, 

I I I 
~ I I I 

1------ 64 CLOCKS DE~Y --- I I I I ~ I I 
I I I I I 

DoUT 1565758 59 0 1 55,56575859 0 1 5455,56575859 0 1 5455,56575859 
DATA: 

I I" I I" I 
v line h-2 block --+-- v line h-1 block -t- data holding during-+- v line 0 block -+- v line 1 block 
read read 59 clocks read read 

TR, 
I I I h-f"*! I. r*! I _r! r'l1... ___ -;O 

" v line h block read " v line 0 block read " v line 1 block read v line 0 block read 
transfer transfer transfer transfer 

I I I 
I I I 

NOTE 
1 ) In case that HCLR, is input at 60 x h + a ( a = 0 to 59 ) clock from the previous HCLR, clock, the last output data of v line h-1 

block is held during a ( a = 0 to 59 ) clocks. Then the data of v line is output from 0 block. 
( The data of v line 0 block is output 64 clock later after HCLR,. ) 

2) Read transfer cycle of v line h block is invalid. 

I 

~ 
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~ 
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en 

NON· RECURSIVE MODE (READ) _ 
4) UNE ADDRESS CYCLE (VCLR, • OE, • ftL ft ) 

CKR, 

I 1 2 I 3 4 n-4 n-1 n 

1 234 

I 
I 

58 59 I 

INC,--U'1 • n+n-n • n..run----~~-----
I I I 

HCLR, J'h II rh ... ____ t--____ _ 
I I 
I I60Xh+59(a=59)cIocks I I 

~-- 64CLOCKS:DELAY --1 ~---, 64 CLOCKS DEtfY ---1 
DATA 55'56 575859 I 0 1 2 3 50 51 525354'5556 57 58 59 I 0 1 2 3 4 

~:I ~:I JOOCXXX 

TR, 

v I~ h block I·· ~ hold I v line 0 block __ v I:ne h--1 block I data h~lding durin I v+n lina 
read --+- --I- read read -t- 59 clocks ~ 0 block read 

~ • r+l • r*1 • r+l • r*1L. __ _ 
I v line 0 block v line 1 block v line h block v+n line 0 block v+n line 1 block 
I read transfer read transfer read transfer read transfer read transfer 
I 
I 

NOTE 
1 ) In case 1hat INC, is input n times bafofe HCLR, is input at 60 x h + a ( a = 0 to 59 ) clock from the previous HCLR, cIock.1ha last oUlpUt 

data of v Una h--1 block is held during a ( a = 0 to 59 ) clocks, Than the data of v+n Une is output from 0 block, 
( The data of v+n line 0 block is oulput 64 clocks 1_ after HCLR,,) 

2 ) The input INC, after HCLR, clock is invalid. 
3 ) Read transfer cycle of v Nna h block is invalid. 

iC 
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Co) 
I 

CD ..... 

NON· RECURSIVE MODE (READ) _ 
5) VCLR, SPECIAL CYCLE No.1 ( INC,. OE, ."L") 

CKR, 

Ir-..-----------,J, I I 
VCLR, I.... ...'. I I 

1 ------ I · -
I I I 

60 x h + 1 oo.:ks to 60 x (h+l ) clocks I I I 
from previous input HClA, I I I 

HCLR, I I I I 

I I I I 
DATA 525354 55'56 57 58 59 0 54 55!56 57 58 59 0 5455'56575859 0 54 55'56 57 58 59 0 1 2 3 4 5 

v line h-2 block 
read --+-- v line h-l block 

read ---+--- v line h block 
read ---+-- o line h+ 1 block 

read 
, I I 

I I I 

-+- o line h+2 block 
read 

I I I 
TR, • r*1 I. r*1 1M r*1 I_ r*1L... __ _ 

v line h block read I 0 line h+ 1 block read I 0 line h+2 block read I 0 line h+3 block read 
Iransfer I Iransfer I Iransfer I lransfer 

I I I 
I I I 

NOTE 
1 ) In case that VClA, is input between 60 x h + 1 clock and 60 x ( h+ 1 ) clock from the previous HClA, clock, line address is 

reset only after the data is output in v line h block. Then the data of 0 line is output continuously from h+ 1 block. 

I 
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cO 
0) 

I 
NON· RECURSIVE MODE (READ) _ 

5) VClR. SPECIAL CYCLE No. 2 (HClR. = OE. ="l") 

CKR, 

In----------~J, 
VClR, I. _ . ~. ______________ +'--------------~---------------------

! I I ! 
6Oxh+l clocksto60x(h+l ) clocks 1 1 
from previous input HClR, 1 1 

I 1 1 
1 1 n 1 

INC, I n------Tfl ... _____ -+I _____ --+ 
1 1 1 
1 1 1 
1 1 1 
I I I 

DATA 53 54 55 56 57 58 59 0 54 55 56 57 58 59 0 54 55 56 57 58 59 0 545556575859012345 

v line h--2 block 
read -+- v line h--l block 

read +- v line h block 
read -+- n line h+ 1 block 

read +- n line h+2 block 
read 

TR, • r*l • r*l • r*l • r-l ... ___ _ 
v line h block reed n line h+ 1 block reed n line h+2 block reed n line h+3 block reed 
lransler nnsler transler transler 

NOTE 
1 ) In case that INC, is input n times after VCLA, is input between 60 x h + 1 clock and 60 x ( h + 1 ) dock from !he previous HClR, 

clock, tine address is reset only after !he data 01 v line h bock is output Then the data 01 n line is output oontinuously from h+ 1 
block. 

2 ) The input INC, at !he same time wi!h VClR, dock is invalid. 

i: 
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Co) 

i 

NON· RECURSIVE MODE (READ) _ 
5) VClR, SPECIAL CYCLE No. 3 ( OE, .. -l - ) 

123 4 

CKR, 

I 
I 

58 59 I 

I r-:--------,J, I 
VClR, P !.. ..... ---.-,11-------+ 

! I I I 
6Oxh+ 1 clocks to 60 x (h+l ) clocks I 
from previous input HClR, I 

I 1 I 
INC, I rT----rh I 

i I i 

HClR, I rn ..... -----+-I----+-----+--------
I I I I j---- 64 CLOCKS DE\-AY ---

I I I 
DATA 53 54 55'66 57 58 59 0 54' 55 56 57 58 59 I 0 53 54 55 56 57 58 59 0 1 2 3 4 5 

TR, 

NOTE 

v line ~2 block --+- v line h-l block ---+ data hclding for +- n line 0 block -+--
read read 59 clocks read 

n line 1 block 
read 

t---+B .... ~ • r+1 • ~ • r+1L.. __ _ 
v line h block read n line 0 block read n line 1 block read n line 2 block read 
transfer transfer transfer transfer 

1 ) In case that INC, is input after INCo is input n times while VClR, is input at 60 x h + a ( a ~ 1 to 59 ) clock from the previous HCLR, clock, 
the last output data in v line h-l block is held during a ( a = 1 to 59 ) clocks. Then the data of n line is output from 0 block. 
( The data of n fine 0 block is output 64 clocks later efter HClR,. ) 

2 ) The input INC, at the same time with VClR, clock is invalid. And the input INC, at the same time or before HCLR, clock is valid. 
3 ) Transfer cycle of V line h block is invalid. 

I 
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RECURSIVE MODE (IN CASE OF NON· RECURSIVE MODE, VClR .. HClR) 
• ACCESS MODE TO NEWLY INPUT DATA 

I I 
b 1 2 3 

CKW. 

VClAoJfl • I I. I • I 
WE.., I I I I I 

I I I I I 
I I I I I 

DIN 02358590235859012358590123456758590123 

DATA:XpCXJCX~XJ¢X)cXJ~)CKDCX)C~CX)ttXJCX)cXJCX~XJCXDcXJCX 
I-- 0 Ii!"l' 0 block + 0 line 1 block + 0 I!ne 2 block '" 0 line 3 block write ---1 
I wnte I wnte I wnte I I 

I I ~I ~I n I 
I I 0 line 0 block I 0 I!ne 1 block I 0 line 2 block write transfer I 
I I write transfer I wnte trsnsfer I I I 
I I 10 1 2 3 58 59 10 1 2 3 14 5 6 7 58 59 '0 

TAo 

CKR, -, 
I~ . 

VClA, I Iii I 
- I I I I I 
OE, I I II I I 
DoUT I I 10 1 2 3 5455,565758 591 

DATAl I ~ 
I I I. 1 I 
I I r- 0 hne 0 block read ---, 

I I 
I I 

TA, I rI r-l I r-l rI .... ___ --+ 
I I 0 line 0 block read 0 line 1 block read transfer 
I I transfer 

1 ) In order to get newly input date, it is necessary to get delay of VClR, to VClRo more than 120 clocks 
(The delay of read date to write data is more than 184 clocks. ) 

ill: 
CD 
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Co) 
I ... 

Q ..... 

RECURSIVE MODE ( IN CASE OF NON· RECURSIVE MODE, VCLR • HCLR ) 
ACCESS MODE TO PREVIOUS DATA 

I I 
b 1 2 3 $~b 1 2 3 

CKW. 

VelA.....rn I H I I 
WE" I I I I 

.' I I I 
I I I I 
I I I I 

D~ 0 1 2 3 $590 1 2 3 4 5 6 7 58590 1 234 567 58590 1 2 3 4 5 6 

DATA -r~~~-n~~~~~~~~~~~~~n.~~~~~~~~~~~-n-n-n~~~ 
I---- 0 I!ne 0 block +- 0 line 1 block write + 0 line 2 block write -1 
I wnte I I I 

TAo I I r*l I r*l I 
I I I ~--I~---------
I I 0 line 0 block write transfer I 0 line 1 block write transfer I 
I I I I I I 
I I I I I I 
o 1 2 3 $~ 0 1 2 3 4 5 6 7 $~ 0 1 2 3 4 5 6 7 $590 

CKR, 

VCLR,~ I 

I 
I 

123 4 5 6 

I I 
I ~II ______ ~ ____ ~ ______ ~ __ ~ 

DoUT I I 0 1 2 3 54 55.56 57 58 59 0 1 2 3 54 55.56 57 $ 59 0 1 2 

OE, 

DATA " 

~ 0 line 0 block read + 0 line 1 bloCklread ---1 
TR, r*l r*l r*lL.. ___ --+ ____ _ 

o line 0 block read 0 line 1 block read transfer 0 line 2 block read transfer 
transfer 

1 ) In order to get previous data, it is necessary to get delay of velR, to velR, less than 0 clock. 
( The delay of read data to write data is less than 64 clocks. ) 

2 ) In case that the delay of velR, to velR, is more than 1 clock and less than 119 clocks, ~ is not sure whater or not new data 
( previous dala ) is got. 

11 

!: 
CD 
Q) ... 
o ... 
g: .... 



MB81C1501 

APPLICATION EXAMPLE 
1. Delay line, field memory: In recursive mode 

WrRe 

Read 

VClRo 

WE 

VClR1 

I 1 field read I 2 field read 1(·1'12 field read 1(·1'12 field read I 

• if the cycle times of CKW. and CKR, are the same. asynchronous operation is also possible. 

• if the cycle times of CKW. and CKR, are different, see application example 2, where read override may occur. 

• In nonrecursive mode, lines must be advanced for each line with combinations of INC and HClR input. 

• 1: When using 306 Iinel16 blockl60 bRs. the serial read operation is possible only through input of CKRI and CKWO, even if 
VClRl is not input. . 

3·102 



2. Double-speed conversion: In recursive mode 

line 

Solid line: Lclock 
serial write 

Dotted line: 
serial reed 

VClRo 

VClR1 

CKWo and CKR1 serial input 

Explanation for figure in the circle 

Line About three blocks 
(block) (184 clocks for CKWo) 12 

Lclock 

• Read override 

MB81C1501 

• Block 
Old 10 read llanlle, 
data 
,ead 

When block data written w~h double-speed conversion is read. the phase delay of the read operation versus the write operation 
requires about three write blocks (184 clocks for CKW) . 

• When two chips are used for the X8 configuration. if the two chips are operated independently. read override between the two 
chips may shift. Therefore. caution should be exercised. To synchronize read override between two chips. the synchronous 
transfer mode which sets one chip as a master chip and the other as a slave chip should be used. 

3-103 



MB81C1501 

3. Write operation of 1/2 compressed data to memory: 

3-104 

In nonrecursive mode, address preset mode 

VCLRo 

INCo 

HCLRo 

ADD (*1) 

WE 

CKWo 

Input 

2H 
4H 
6H 
8H 

260H 
262H 

2 
2 

2 
2 
: 
2 

2 

--.---
4 6 8 
4 6 8 
4 6 8 
4 6 8 

" : : 
4 6 8 
4 6 8 

c 

- 455 bils ~ 960 bits 
...... , 
...... ~,o 

...... ~,o 

...... ~,o B 
: : 

...... ~,o 

...... , 

0 

Memory inside 

--"----------------------------------~i~V~--------------______ ~n~ ____ ~n~ ____ ~n~ ___ ~~, ~ 

Enlarged figure 

~ 

I"-----------.r---

V: Valid address 
C: Don'tCare 

*1: The address preset mode enables the write operation in B. C. and D spaces. 
Operation of INCo in nonrecursive mode enables the write operation inC 



4. Noise reduces between fields 

Block 

L Clock 

Wr~e 

Read 1 

Read 2 

VClRo 

VClR1 

VClA:! 

4fsc 

Vo to TV 

11 field I 2 field I 3 field I 4 field I 5 field I 6 field I 

MB81C1501 

In the field memory (three ports) is used, stable output can be obtained, regardless of jitter from the write clock. In add~ion, the 
correlation between frames or lines can be calculated. 
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MB81C1501 

EXTERNAL DIMENSION 

3S-LEAD PLASTIC FLAT PACKAGE 
(Case No.: FPT-38P-MOI) 

.132(3.35) MAX. 
(SEATEO HEIGHT) 

~~:'~~~ 

o 

.016±.004 

.642±.012 

"'T~::'oo" ~(~:~±0'20) 
(0.15 ± 0.05) 

(0.40±0.1O) 
,-------------, 
I Details of "A" part I 

"A" : .012(0.30) : 
I I 
I I 
I I 
I I 
: .016(0.40) I 
I .007(0.18) I 

: MAX: 
I .025(0.63) I 

.l09( 18.00) REF. I MAX I L ____________ ~ 

© 1990 FUJITSU LIMITED F38001S-2C 
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Quality Control at Fujitsu 

Built-In Quality and Reliability 

Fujitsu's integrated circuits work. The reason they work is 
Fujitsu's single-minded approach to built-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failure. 

Fujitsu's philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by individuals and teams of profeSSionals dedicated 
to perfection. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. It extends to the customer's factory as well, 
where integrated circuits are subsystems of the customer's final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who deSign, manufacture, evaluate, sell, and use its 
products. 

Quality control for all Fujitsu products is an integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
deSignated application. 
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Quality Control Processes at Fujitsu 

Process 

Checkltams 
Inspection of Incoming Material 

Wafer Processing 
Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc 

Wafer Surface Inspection and 
Sample Tests of Thickness, 
Surface Resistance, Diffusion 

Depth, Electrical Parameters, and Doping 
Wafer Surface and Pattern Inspection 

Diffusion/Ion Implantation 

Photoetching 

Dynamic RAM Data Book 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Passivation (Insulating 

Probing Test 

Layer Formation) 

4-4 

Test of Electrical Characteristics, Stress Test 
Wafer Shipping Inspection 

Dicing (CHIP Separation) 

CHIP Selection Wafer Surface and Pattem 
Sampling Inspection 

CHIP Shipping Inspection 

Sample Surface Inspection 

Bond-Wetting and Surface Inspection, Monitor Test of I ot un 
for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 

Intemal Sampling Visual Inspection 

Pre-Cap Visual 
Inspection 

Internal Merchant 
Inspection 

Continued on next page 
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Quality Control Processes at Fujitsu (Continued) 

Sealing or Molding 

Aging (After Encapsulation) 

Leak Test (Hermetic Package Only) 

Fine and Gross Leak Tests 

External Sampling Visual Inspection 

External Sampling Visual Inspection 

External Sampling Visual Inspection 

External Visual Inspection 
External Mechanical Inspection 

External Sampling Visual Inspection 

Test of AC/oC Characteristics and Functions 
Shipping Tests 

Reliability Tests 

Lot Tests/Periodic Tests 
Hermeticity (Fine and Gross Leak Tests), External and Marking Inspections,.......l' 

Electrical Characteristics Tests, All Sampling Tests U 
Endurance and Environmental Tests 0 Warehousing 

Legend: 

o 
D 
IQI 
<> Nole: 

Production Process 

Test/Inspection 

Production Process 
and Test/Inspection 

ac Gate (Sampling) 

The flow sequence may II8IY slighUy 
with individual product type. 
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5-3 Ie Package Marking 
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5-6 Ie Package Marking and Ordering Infonnation - Caramic 
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Ie Package Marking 

Fujitsu Logo 
Die Revision Designator 

zz- year 
XX - week number 

Note: Marking formats may vary, 
d4!P!1nding on the procfuct The COUl111y of 
origin appears on aU finished parts. 

Part Number 

Package Code (See Package Codes below) 
Low Power DeSignator (When applicable) 

Speed Designator (When applicable) 
Device Type 

Manufacturer Designator 

MB Identifies an IC designed and manufactured by Fujitsu with a Fujitsu-designated device number. 
MBM Identifies an IC designed and manufactured by Fujitsu with a device number, designated by the industry, that 

is the industry standard number. 
Note: Please contact your nearest Fujitsu sales office, representative, or disbibutar for exact part number/order information. 
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Ie Package Marking and Ordering Information 

This ordering information is presented as a guide to Fujitsu's package options. The codes shown here indicate the 
current selections available for 10 packaging. Since device packages are subject to changes and updating, you should 
contact your closest Fujitsu Sales Office or Representative for the latest package information. 

5-4 

'Package ordering code appears as a suffix to Fujitsu's part number and speed designator (MBXXXXX-XXPKG). 
2Package codes in the U.S.A do not use the "-"; e.g., PSK is the same as P~K. 
aM is used on bipolar devices only. 
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Ie Package Marking and Ordering Information (Continued) 

Description 

Dual In-line Package wnh Metal Seal 
(Side Brazed4) 

Dual In-line Package, 400 mil Wide 

Dual In-line Package, 300 mil Wide 

Dual In-line Package, 1.778 mm Lead Pitch 

Quad Flat, Gullwing Lead, Package with 
CERPACK 

Quad Flat, Gullwing Lead, Package with Metal 
Seal 

Small Outline, Gullwing Lead, Package wnh 
CERPACK 

Small Outline, Gullwing Lead, Package with Metal 
Seal 

DIP 

Slim DIP 

Skinny DIP 

Shrink DIP 

QFP 

QFP 

SOP 

SOP 

Fujitsu 
Ordering 
Code',2 

C 

Z-SLorZ 
T-SLorT 
C-SLorC 

Z-SKorZ 
T-SKorT 
C-SKorC 

ZFLorZF 

CFLorCF 

ZFLorZF 

CFLorCF 

Ordering Information 

'Package ordering code apJl9ars as a suffix to FUjitsu's part number and speed designator (MBXXXXX-XXPKG) 
2Package codes in the U.S.A do not use the '-'; e.g., ZSK is the same as Z-SK. 

31 CERDIP 1 

,---/~flL----_ ==1.= ____ \ 'I,---~_Side Br_"" ~--' 
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Introduction to Fujitsu 

Fujitsu Limited (Japan) 

Fujitsu Limited was founded as a telecommunications equipment 
manufacturer in 1935, and today is not only one of Japan's 
leading telecommunications companies, but also one of the 
world's largest computer manufacturers. 

This leadership has resulted, at least in part, from the superb 
quality of the company's semiconductors and electronic 
components. Manufactured by the company's Electronics 
Devices Operations Group, these vital electronic devices also 
contribute to the high reliability and performance of products 
made by many other manufacturers around the world. 

Today, Fujitsu is one of the world's top manufacturers of 
semiconductors and electronic components. In Japan, Fujitsu'S 
R&D laboratories for semiconductor and electronic components 
are situated in Kawasaki and Mie, and manufacturing works are 
located in Iwate, Aizu, Wakamatsu and Suzaka. Fujitsu also has 
six affiliated manufacturing works in the country. Overseas 
facilities in the U.S, Europe, and Asia also help to meet the 
growing global demand for Fujitsu semiconductors and electronic 
components. 

Fujitsu enforces strict quality control at all stages of production, 
from materials selection through manufacturing to final testing. 
As a result, Fujitsu's electronic devices are known for their 
extremely high reliability and excellent cost-to-performance ratio. 

Fujitsu manufactures a full line of semiconductors and electronic 
components to meet the diverse applications of a wide variety of 
customers. Backed by Fujitsu's extensive R&D commitment 
equal to over 10 percent of annual sales, Fujitsu's electronic 
devices stay on the cutting edge of electronics technology. 

Continued on next page 
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Introduction to Fujitsu 

Fujitsu Microelectronics, Inc. (U.S.A.) 

Fujitsu Microelectronics, Inc. (FMI), with headquarters in San Jose, 
Califomia, was established in 1979 as a wholly-owned Fujitsu Limited 
subsidiary for the marketing, sales, and distribution of Fujitsu integrated 
circuit and component products. Since 1979, FMI has grown to three 
marketing divisions, two manufacturing divisions and a subsidiary. FMI 
offers a complete array of semiconductor products for its customers 
throughout North and South America. 

The Advanced Products Division (APD) is responsible for designing and 
selling a full line of SPARC processors and peripheral chips. APD also 
sells the EtherStarTil LAN controller that was designed by APD. It is the 
first VLSI device to integrate both StarLANT" and Ethemet® protocols into 
one device. The core of APD's EtherStar chip was the resuH of APD's 
cooperative venture with Ungermann-Bass. 

The Microwave and Optoelectronics Division (MOD) markets GaAs FETs 
and FET power amplifiers, lightwave and microwave devices, optical 
devices, emitters, and SI transistors. 

The largest FMI marketing division is the Integrated Circuits Division (ICD) 
which markets the following standard devices, components, and ASICs. 

Memory Products DRAMs 
EPROMs 
EEPROMs 
NOVRAMs 
CMOS masked ROMs 
CMOSSRAMs 
BiCMOS SRAMs 
Bipolar PROMs 
ECLRAMs 
STRAMs (seH-timed RAM) 
Hi-Rei PROMs and SRAMs 
Memory cards 
Memory modules 

Telecommunication Products PLLs 
Prescalers 
Piezoelectric devices 
CODECs 
VCOs 
Telephone ICs 
Modems 

Continued on next page 
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Introduction to Fujitsu 

Microprocessor Products 

logic Products 

Analog Products 

Hybrid Products 

Special Purpose COntroller 
Products 

ASIC Products 

4-bit microcontrollers 
DSPs 

Ultra high-speed ECUECL 
TIL translator circuits 

linear ICs 
Transistors 

Thick- and Thin-film 
Custom modules 
Stepper motor drivers 

SCSI controllers 
Serial protocol controllers 
Video controllers (TV text, 

CRT, and picture-in-picture) 

CMOS gate arrays 
ECl gate arrays 
BiCMOS gate arrays 
GaAs gate arrays 
CMOS standard cells 

Sales Information 

ASIC GalieryTM (SuperMacrosTM, Compiled Cells) 
ASICOpen™ CAD Software Framework (ViewCADTM, 

a design and verification tool that integrates with 
third-party CAD tools) 

Third-party EWS (engineering workstation) support 

Customer support and customer training for ASIC products are 
available through the following FMI design centers: 

San Jose 
Dallas 
Atlanta 

Gresham 
Chicago 
Boston 

FMl's manufacturing divisions are in San Diego, Califomia and 
Gresham, Oregon. The San Diego Manufacturing Division (SMD) 
assembles and tests memory devices. The Gresham Manufac
turing Division (GMD) began manufacturing in 1988.GMD 
fabricates wafers, and produces ASIC products and DRAM 
memories. This facility, when completed, will have one million 
square feet of manufacturing-the largest Fujitsu manufacturing 
plant outside Japan. 

FMl's subsidiary, Fujitsu Component of America, markets 
connectors, keyboards, thermal printers, plasma displays, and 
relays. 

Continued on next page 

6-5 



Sales Information Dynamic RAM Data Book 

Introduction to Fujitsu 

Fujitsu Electronic Devices Europe: 

6-6 

Fujitsu Mlkroelelctronlk GmbH (FMG), West Gennany 
Fujitsu Microelectronics Limited (FML), U.K. 
Fujitsu MIcroelectronics Italla S.R.L (FMIL), Italy 
Fujitsu Microelectronics Ireland, Ltd. (FME), Ireland 

Fujitsu Mikroelektronik GmbH (FMG) was established in June 
1980 in Frankfurt, West Germany, as Fujitsu's European 
headquarters and is a totally owned subsidiary of Fujitsu Limited, 
Tokyo. Fujitsu Microelectronics Limited (FML) is a sister 
company based in Maidenhead, England and dedicated to 
serving the U.K., Ireland, and Scandanavia. Fujitsu Microelec
tronics Italia (FMIL) is based in Milan, Italy and serves Italy, 
Spain, Portugal, and the rest of Southern Europe. Together, 
FMG, FML, and FMIL supply the European market with a full 
range of semiconductors and electronic components. Sales 
offices are located in Munich, Franklurt, Stuttgart, PariS, 
Eindhoven, Milan, Maidenhead, and Stockholm. 

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 
1980, in Dublin, Ireland, as Fujitsu's European Assembly Center 
for integrated circuits. FME produces DRAMs, EPROMs, and 
other LSI memory products. 

Fujitsu has two European VLSI design centers, both in the U.K. 
The Manchester Design Center, in operat!on sinGf) 1983, is 
equipped with two mainfl!;Jme computers and is linked by satellite 
to production plants in Japan and the U.S. Staffed with a team of 
experienced engineers, the center is involved in the design of 
VLSI standard products, Super""acros, CAD tools and ASICs. A 
second deSign center was set up in London in 1990 for deSigning 
telecommunication ICs. Additionally, Fujitsu offers a network of 
17 ASIC design centerS in eight European countries. 

Fujitsu has further demonstrated its commitment to the European 
market by commencing construction of a full wafer fabrication 
plant in Durham in \tIe North of England. The new plant is due to 
start production of 4 megabyte DRAMs and ASICs in 1991. 

Continued on next page 
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Introduction to Fujitsu 

The range of semiconductor products offered by FMG, FMl, and 
FMll for the European market includes: 

Memory Products DRAMs 
SRAMs 
EPROMs 
EEPROMs 
Mask ROMs 
Bipolar PROMs 
Video RAMs 
EClRAMs 
Memory modules 
Memory cards 

ASIC Products CMOS gate arrays 

Microprocessor Products 

BiCMOS gate arrays 
Bipolar (ECl) gate arrays 
Gallium Arsenide gate arrays 
CMOS standard cells 
ECl gate masterslice devices 
Wide range of ASIC design software 

4-Bit Microcontrollers 
4- 8- and 16-bit F2MCTM flexible Microcontrollers 
32-Bit SPARCTM RISC microprocessors 
32-Bit GMICAO™ TRON-based CISC microprocessors 

Telecommunication Products Prescalers 

Analog Products 

PlLs 
COOECs 
LAN devices 
DSPs 
ISDN products 
SCSI and LAN devices 
ISDN products 
Telecom devices for the GSM 

Pan-European digital cellular telephone system. 

OPAmps 
Comparators 
AID and D/A Converters 
Application Specific ICs 

The range of electronic components offered by FMG, FMl, and 
FMll incudes relays, connectors, keyboards, thermal printers, 
plasma displays, liquid crystal displays, hybrid ICs, and 
piezoelectric devices. 

Continued on next page 
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Introduction to Fujitsu 

Fujitsu Microelectronics Asia PTE Ltd. (Singapore) 

6-8 

Fujitsu Microelectronics Asia PTE Ltd. (FMAP) opened in August 
1986, in Hong Kong, as a wholly-owned Fujitsu subsidiary for 
sales of electronic devices to the Asian, Australian, and 
Southwest Pacific markets. In 1990, FMAP moved to a new 
location in Singapore. 

FMAP offers memory, ASIC, microprocessor, and telecommuni
cation products along with Fujitsu's wide range of electronic 
components. 

SPARClII Is a trademarkol Sun Mlaolyatenw. lno. 
Ethernet" III a regII1efed Iradomark aI x."", Corporall ... 
EIher_'" 10 alr_alFujillu MIaueIacl ... Ica. Inc. 
SIaII.AN'" 10 • trademork aI AT&T. 
0-.0'" III. lrademaJkal HItadII 
S~""''''''._alFuJltiouM_1co,1nc. 
ASICOpen"'Io. _&demarkal Fujillu MIaueIacI ... Ica.Inc. 
VIowCAD"'iI.t __ alFujltau M_ ... Ica.Inc. 
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Integrated Circuits Corporate Headquarters - Worldwide 

International Corporate Headquarters 

FUJITSU LIMITED 
Marunouchi Headquarlllrs 
6-1, Marunouchi l-<:horne 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03) 213-7174 

For integrated circuits marketing information please contact the following: 

Headquarters for Japan 

FUJITSU LIMITED 
Integrated Circuits and Semiconductor Marketing 
Furukawa Sago Bldg. 
6-1 ,Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 216-3211 
Telex: 781-2224361 
FAX: (03) 211-3987 

Headquarters for North and South America 

FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 
3545 Norlh First SIreat 
San Jose, CA 95134-1804 
USA 
Tel: (408) 922-9000 
Telex: 910-33~190 
FAX: (408) 432-9044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 
Lyoner Strasse 44-48 
Arabella Centre 9. OG 
6000 Frankfurt 71 
Federal Republic of Germany 
Tel: (69) 66320 
Telex: 411963 
FAX: (69) 6632122 

Headquarters for ASia, Australia and Oceania 

FUJITSU MICROELECTRONICS ASIA PTE LIMITED 
06-04/-07 Plaza By The Park 
No. 51 Bras Basah Road 
Singapore 0718 
Tel: (65) 336-1600 
Telex: AS 55573 FESPL 
FAX: (65) 336-1609 

Sales Information 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices for 
Nonh and South America 

NORTHERN CALIFORNIA ILLINOIS (Chicago) NEW YORK (Long Island) 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 
10600 N. De Anza Blvd. One Pierce Place 898 Veterans Memorial Highway 
Suite 225 Suite 910 Bldg. 2, Suite 310 
Cupertino, CA 95014 Itasca, IL 60143-,2681 Hauppauge, NY 11788 
Tel: (408) 996-1600 Tel: (708) 250-8580 Tel: (516) 582-8700 
FAX: (408) 725-8746 FAX: (708) 250-8591 FAX: (516) 582-0055 

SOUTHERN CALIFORNIA MASSACHUSErr5 (Boston) OREGON (Portland) 

Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 
Century Centre 75 Wells Avenue 15220 NW Greenbrier Pkwy. 
2603 Main Street Suite 5 Suite 360 
Suite 510 Newton Center, MA 02159-.'3251 Beaverton, OR 97006 
Irvine, CA 92714 Tel: (617) 964-7080 Tel: (503) 690-1909 
Tel: (714) 724-8777 
FAX: (714) 724-8778 

FAX: (617) 964-3301 FAX: (503) 690-6074 

MINNESOTA (Minneapolis) TEXAS (Dallas) 

COLORADO (Denver) Fujitsu Microelectronics, Inc. Fujitsu Microelectronics, Inc. 

Fujitsu Microelectronics, Inc. 3460 Washington Drive 14785 Preston Road 

5445 DTC Parkway Suite 209 Suite 670 

Suite 300 Eagan, MN 55122-1303 Dallas, TX 75240 

Englewood, CO 80111 Tel: (612) 454-0323 Tel: (214) 233-9394 

Tel: (303) 740-8880 FAX: (612) 454-0601 FAX: (214)386-7917 

FAX: (303) 740-8988 
NEW JERSEY (Cherry Hili) 

GEORGIA (Atlanta) Fujitsu Microelectronics, Inc. 

Fujitsu Microelectronics, Inc. Horizon Corporate Center 

3500 Parkway lane 3000 Atrium Way 

Suite 210 Suite 100 

Norcross, GA 30092 MI. Laurel, NJ 08054 

Tel: (404) 449-8539 Tel: (609) 727-8700 

FAX: (404) 441-2016 FAX: (609) 727-8797 
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FMI Representatives - USA 
For product information, contact your nearest Representative. 

Alabama Colorado Illinois 

CSR Electronics Talisman Assoc. Beta Technology 
303 WiRiams Allenue 6860 S. Yosemite Court 1009 Hawthorne Drive 
Suite 931 Suite 2143 Itasca, IL 60143 
Huntsville, AL 35801 Englewood, CO 80112 Tel: (708) 256-S586 
Tel: (205) 533-2444 Tel: (303) 773-2533 FAX: (708) 256-S592 
FAX: (205) 536-<1031 FAX: (303) ~5 

Indiana 
Arizona Connecticut Fred Dorsey & Associates 
Aztech Component Sales Inc. Conntech Sales, Inc. 3518 Eden Place 
15230 N 75th Street 605 Washington Avenue Cannel,lN 46032 
Suite 1031 Suite 33 Tel: (317) 844-4842 
Scottsdale, AZ 85260 New Haven, CT 06473 FAX: (317) 844-4843 
Tel: (602) 991~ Tel: (203) 234-0577 
FAX: (602) 991-0563 FAX: (203) 234-0576 Iowa 

Electromec Sales 
california Florida Execudlle Plaza 
Harwy King, Inc. Semtronic Associates, Inc. 4403 First Avenue, S.E. 
8393 Nanc;y Ridge Drive 857 MaiUand Avenue Suite 302 
San Diego, CA 92121 Altamonte Springs, FL 32701 Cedar Rapids, IA 52402 
Tel: (619) 587-9300 Tel: (407) 831-8233 Tel: (319) 393-1637 
FAX: (619) 587-0507 FAX: (407) 831-2844 FAX: (319) 393-1752 

Infinity Sales, Inc. Semtronic Associates. Inc. 
Kansas 4500 Campus Drive 1467 S. Missouri Avenue 

Suite 300 Clearwater, FL 33516 Rothkopf & Associates, Inc. 
Newport Beach, CA 92660 Tel: (813) 461-4675 1948 E. Santa Fe 
Tel: (714) 833-0300 FAX: (813) 442-2234 SuiteH 
FAX: (714) B33-0303 

Semtronic Associates, Inc. 
Olathe, KS 66062 
Tel: (913) 829-8897 

Norcomp 3471 NW 55th Street FAX: (913) 829--1664 
3350 Scott Blvd., Fl Lauderdale, FL 33309 
Suite 24 Tel: (305) 731-2484 Kentucky 
Sante Clara, CA 95054 FAX: (305) 731-1019 
Tel: (408) 727-7707 Spectra-Com 

FAX: (408) 986-1947 Georgia 303 UHL Road 
Melbourne, KY 41059 

Noroomp CSR Electronics Tel: (606) 781~904 
2140 Professional Driw 1651 Ml Vernon Road 
Suite 200 Suite 200 Maryland 
Rosellille, CA 95661 Tel: (404) 39~720 
Tel: (916) 782-8070 FAX: (404) 394-8387 Arbotek Associates 

FAX: (916) 782-8073 
1404 E. Joppa Road 

Idaho Towson, MD 21204 
Sonika Electronica of America Tel: (301) 825-0775 
2240 Main Street Intennountain Technical Marketing FAX: (301) 337-2781 
Suite 19 1408 E. First Street 

Chula Vista, CA 92011 Suite 101 Massachusetts 
Tel: (619) 424-9190 Maridan, 1083642 

Mill-Bern Associates 
FAX: (619) 424-9191 Tel: (208) 886-6071 

2 Mack Road FAX: (208) 888 6074 
Wobum, MA 01801 
Tel: (617) 932--3311 
FAX: (617) 932~511 
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FMI Representatives - USA (Continued) 

Michigan Quality Components 

Greiner Associates, Inc. 116 Fayette Street 

15324 E. Jefferson Avenue Manlius, NY 13104 

Suite 12 Tel: (315) 682-a865 

Grosse Point Park, MI 48230 FAX: (315)682-22n 

Tel: (313) 4~188 Quality Components 
FAX: (313) 499-0665 2318 Titus Ave. 

Rochester, NY 14622 
Mlnnasota Tel: (716) 342-7229 
EleclrOmec Sales FAX: (716) 342-7227 
1601 E. Highway 13 
Suite 200 North carolina 
Burnsville, MN 55337 CSR Electronics 
Tel: (612) 894-8200 8020 Crockett Court 
FAX: (612) 894-9352 Mathews, NC 28226 

Missouri 
Tel: (704) 847-7878 
FAX: (704) 847-0056 

Rethkopf & Associates, Inc. CSR Electronics 
8721 Manchester Read 5848 Farington Place 
Stlouis, Me 63144 Suite 2 
Tel: (314) 961-4485 Raleigh, NC 27609 
FAX: (314) 961-4736 Tel: (919) 878-9200 

New Jersey 
FAX: (919 878-9117 

BGR Associates Oregon 
Evesham Commons L-&luared Umitsd 
525 Reu1873 15234 NW Greenbrier Pkwy 
Suite 100 
Mariton, NJ 08053 

Beavertcn, OR 97006 
Tel: (503) 629-a555 

Tel: (609) 983-1020 FAX: (503)64~196 
FAX: (609) 983-1879 

Technical Applications & Marketing Tennessee 

D 
91 Clinton Road CSR Electronics 
Suile 10 3133 Curtis Lane 
Fairfield, NJ 07008 Knoxville, TN 37918 
Tel: (201) 575-4130 Tel: (615) 698-7511 
FAX: (201) 575-4563 FAX: (615) 698-7932 

New York Texas 
Quality Components Technical Marketing, Inc. 
3343 Harlem Read 3320 Wiley Post Read 
Bullalo, NY 14225 Carrollton, TX 75006 
Tel: (716) 837-5430 Tel: (214) 387-3601 
FAX: (716) 837-0662 FAX: (214) 387-3605 
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Technical Marketing, Inc. 
2901 Wilerest Drive 
Suite 139 
Houston, TX 77042 
Tel: (713) 783-4497 
FAX: (713) 783-5307 

Technical Marketing, Inc. 
1315 Sam Bass Circle 
Suite B-3 
Reund Reck, TX 78681 
Tel: (512) 244-2291 
FAX: (512)338-1596 

Utah 
R-&luared Marketing 
340 W. 500 South 
Suite 105 
Salt Lake City. UT 84101 
Tel: (801) 595-0631 
FAX: (80 1) 595-0435 

Washington 
L-8quared Limited 
105 Central Way 
Suite 203 
Kirkland, WA 98033 
Tel: (206) 827-8555 
FAX: (206) 828-0102 

Wisconsin 
Beta Technology 
9401 W Beloit Street 
Suite304C 
Milwaukee, WI 53227 
Tel: (414) 543-6609 
FAX: (414) 543-9288 
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FMI Representatives - Canada, Mexico and Puerto Rico 

canada 

Pipe-Thompson Umited 
5468 Dundas Street W. 
Suita 206 
IsWngton, Ontario M9B 6E3 
Tel: (416) 236-2355 
FAX: (416) 236-3387 

Pipe-Thompson Umited 
17 Brandy Creek Crescent 
Kandata, Ontario K2M 288 
Tel: (613) 591-1821 
FAX: (613) 591-0461 

Mexico 

Solano Electronics (Sonika) 
Ermita 1039-10 
Colonia Chapalita 
Guadalajara, JAL. 45042 
Tel: (52) 3647-4250 
FAX: (52) 3647-3433 

Solano Electronics, S.A. De C. V. 
Cienfuego tl651-A 
07300 Mexico City, D.F. 
FAX: (52) 5586-8443 

Puerto Rico 

Semtronic Associatas 
Mercantil Plaza Building 
Suile816 
Halo Ray, Puerto Rico 00918 
Tel: (809) 76EHl700 
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FMI Distributors - USA 

Alabama 
MarshaJllndus1ries 
3313 S. Memorial Highway 
SUite 150 
Huntsville, AL 35801 
(205) 881-&235 

ReplDn Electronics 
4950 Corporate Drive 
SUi18106C 
Huntsville, AL 35806 
(206) 722-9565 

Arizona 
Insight Electronics 
1515 W. University Drive 
SUilel03 
Tempe, AZ 85281 
(602) 829-1800 

MarshaJllndus1ries 
9830S.51stStreeI 
SUite B121 
Phoenix, AZ 85044 
(602) 496-0290 

california 
Bell Microproducts 
18350 MI. Langley 
SUi18207 
Fountain Valley, CA 92708 
(714) 963-0067 

Bell Microproducts 
550 Sycamore Drive 
Milpitas, CA 95035 
(408)434-1150 

Insight Electronics 
28035 Dorolhy Drive 
SUi182 
Agoura, CA 91301 
(818) 707-2100 

Insight Electronics 
15635 Alton Parkway 
SUi18120 
Irvine, CA 92718 
(714) 727-2111 

Insight Electronics 
8885 F1ancIen Drive 
SUiteC 
San Diego, CA 92126 
(619) 587-&757 

MarshaJllndus1ries 
9710 Desoto Aw. 
Chatsworth, CA 91311 
(818) 407-4100 
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MarshaJllndus1ries 
9320 Telstar Ave. 
E! Monta, CA 91731 
(818)307~ 

MarshaD Indus1ries 
OneMollIan 
Irvine, CA 92718 
(714) 458-5308 

Marshalllndus1ries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 

MarshaD Indus1ries 
3039 Kilgore Ave. 
SUi1B 140 
Rancho Cordova, CA 95670 
(916) 635-&700 

MarshaJllndus1ries 
10105 Carroll Canyon Road 
San Diego, CA 92131 
(619) 578-9600 

Moril Electronics 
2070 Ringwood Avenue 
San Jose, CA 95131 
(408)~ 

Miao Gensis, Inc. 
2880 Lakeside Drive 
SUi1B 101 
Santa Clara, CA 95054 
(408) 727-6060 

Milgray Electronics 
912 Pancho Road 
Sui1B C 
Camarillo, CA 93010 
(806) 484-4065 

Milgray Electronics 
16 Technology Drive 
Irvine, CA 92718 
(714) 753-1282 

WeslBm Microtechnology 
28720 Roadsids Dr. 
Sui1B 175 
Agoura Hills, CA 91301 
(818) 356-0180 

WesIBm Microtechnology 
1637 North Brian 
Orange, CA 92667 
(714) 637-0200 

WeslBm Microtechnology 
8837 Nancy Ridge Drive 
San Diego, CA 92121 
(619)453-8430 
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Wes1Bm Miaotechnology 
12900 Saratoga Aw. 
Saratoga. CA 95070 
(408) 725-1660 

Colorado 
MarshaJllndustries 
12351 N. Grant Road 
SUi18A 
Thomton, CO 80241 
(303) 451-&383 

Connecticut 
MarshaJllndus1ries 
20 Starling Drive 
Wallingford, CT 06492 
(203) 265-3922 

Milgray Electronics 
326 W. Main Street 
Milford, CT 06460 
(203) 878-6538 

Florida 
MarshaJllndustries 
380 S. Northlake Blvd 
SUite 1024 
Altamonte Springs, FL 32701 
(407) 767-a585 

MarshaJllndustries 
2700 W. Cypress Creek Rd. 
SUi18 0 114 
Fl Lauderdale, FL 33309 
(306) 977-4880 

MarshaJllndustries 
2840 Sharer Drive 
St. Petersbulll, FL 33716 
(813)573-1399 

Milgray Electronics 
1850 Lae Road 
SUite 104 
Winler Park, FL 32789 
(407) 847-5747 

Reptron Electronics 
3320 N.W. 53rd Street 
Sui18206 
Fl LeuderdaJe, FL 33309 
(306) 735-1112 

Reptron Electronics 
14501 McCormick Drive 
Tampa, FL33626 
(813) 855-4656 
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FMI Distributors - USA (Continued) 

Georgia 
MarshaJllnduslries 
5300 Oakbrook Pkwy 
Sui18140 
Norcross, GA 30093 
(404) 923-5750 

Milgray Electronics 
3000 Northwoods Parkway 
Sui18270 
Norcross, GA 30071 
(404) 446-9m 

Rep1rOn Electronics 
3040 H Business Park Drive 
Norcross, GA 30071 
(404) 446-1300 

Illinois 
Classic Components 
3336 Commercial Ave. 
Northbrook, IL 60062 
(312) 272-9650 

MarshaJllnduslries 
50 E. Commerce Dr. 
Suil8l 
Schaumburg,lL 60173 
(312) 49O-C155 

Milgray Electronics 
1530 E. Dundee Road 
Suite 310 
Palatine, IL 60067 
(708) Z02-1900 

Rep1rOn Electronics 
1000 E. Stale Hwy 
Suile K 
Schaumburg, IL 60173 
(312) 882-1700 

Indians 
MarshaJllnduslries 
6990 Corporale Drive 
Indianapolis, IN 46278 
(317)297-0483 

Kansas 
MarshaJllnduslries 
10413 W. 84th Terrace 
Lenexa. KS 66214 
(913) 492-3121 

Milgray Electronics 
. 6400 Glenwood 
Sui18313 
Overland Park, KS 66Z02 
(913) 236-8800 

Maryland 
Marshallinduslries 
2221 Broadbirch 
Suil8 G 
Silver Springs, MD 20910 
(301) 622-1118 

Milgray Electronics 
9801 Broken Land Parkway 
Columbia. MD 21045 
(301)995--6169 

Vantage Components, Inc. 
6925-R Oakland Mills Read 
Columbia, MD 21045 
(301) 720-6100 

Massachusetts 
Bell Microproducts 
16 Upton Drive 
Wilmington, MA 01887 
(508)6~222 

Interface Electronic Corp. 
228 South Street 
Hcpkinton, MA 01748 
(508) 435-6858 

MarshaJllnduslries 
33 Upton Drive 
Wdming1on, MA 01887 
(508)6~10 

Milgray Electronics 
187 BaliardvaJe Street 
Wilmington, MA 01887 
(508) 657-5900 

Vantage Components, Inc. 
200 Bulfinch Drive 
Andover, MA 01810 
(508) 687-3900 

Western Microtechnology 
ZO Blanchard Road 
9 Corporale Place 
Burlington, MA 01803 
(617) 273-2800 

Michigan 
MarshaJllnduslries 
31087 Schoolcraft Road 
Uvonia. MI 48150 
(313)525-5850 

Reptron Electronics 
34403 Glendale 
Uvonia. MI 48150 
(313)525-2700 

Sales Information 

Minnesota 
MarshaJllndustries 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 

Reptron Electronics 
5929 Baker Road 
Suite 360 
Minnetonka, MN 55345 
(612) 938-3995 

Missouri 
MarshaJllndustries 
3377 Hollenberg Drive 
Bridgeton, MO 63044 
(314) 291-4650 

New Jersey 
Marshall Industries 
101 Fairfield Read 
Fairfield, NJ 07006 
(ZOl) 882-0320 

Marshall Industries 
158 Gaither Drive 
MI. Laurel, NJ 08054 
(609) 234-9100 

Milgray Electronics 
3001 Greenlree Exec. Campus 
SuiteC 
Marlton, NJ 08053 
(609) 983-5010 

Milgray Electronics 
1055 Parsippany Blvd. 
Parsippany, NJ 07054 
(ZOl) 335-1766 

Vantage Components, Inc. 
23 Sebago Street 
P.O. Box 2939 
Clifton, NJ 07013 
(201)m-4100 

Wesl8m MicrolaChnology, Inc. 
387 Passaic Avenue 
Fairfield, NJ 07006 
(201 ) 882-4999 
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FMI Distributors - USA (Continued) 

New York Milgray Electronics 

Marshallinduslrias 6156 Rockside Road 

275 Oser Avenua Cleveland,OH 44131 

Hauppauge, NY 11788 (216) 447-1520 

(516) 273-2424 Reptron Electronics 

Marshallinduslries 404 E. Wilson Bridge Road 

129 Brown Street Suite A 

Johnson City, NY 13790 Worthinglon, OH 43085 

(607) 796-1611 (614)436-6675 

Marshallinduslries Oklahoma 
1250 Soottsville Road 

Radio Inc. 
Rochester, NY 14624 
(716) 235-7620 1000 South Main 

Tulsa, OK 74119 
Mast Dislributors (918) 587-9123 
710-2 Union Parkway 
Ronkonkoma, NY 11779 Oregon 
(516)471-4422 Marshall Industries 

Micro Genesis 9705 S.w. Gemin Drive 

90-10 Colin Drive Beaverton, OR 97005 

Holbrook, NY 11741 (503) 644-5050 

(516)472~ Western Microtechnology 

Milgray Electronics 1800 N.W. 169th Place 

77 Schmitt BIII<I. Suite 8300 

Farmingdale, NY 11735 Beaverton, OR 97006 

(516) 420-9800 (503) 629-2082 

Milgray Electronics Pennsylvania 
1170 Pittsford Victor Road 
Pittsford, NY 14534 Interface Electronic Corp. 

(716) 381-9700 7 Great Valley Parkway 
Malvem, PA 19355 

Vantage Components, Inc. (215) 889-2060 

IDI 
1056 West Jericho Tumpike 

Marshall Industries Smithtown, NY 11787 
(516) 543-2000 401 Parkway View Dr. 

Pittsburg, PA 15205 

North Carolina 
(412)7~441 

Marshallinduslries Texas 
5224 Greens Dairy Road 

Insight Electronics, Inc. Raleigh, NC 27604 
(919)878-9882 1778 Plano Road 

Suite 320 
Replron Electronics Richardson, TX 75081 
5954-A Six Fork Road (214) 783-0800 
Raleigh, NC 27609 

Marshallinduslries (919) 870-0189 
8504 Cross Park Drive 

Ohio 
Austin, TX 78754 

Marshallinduslries 
(512)837-1991 

3520 Park Center Drive Marshall Industries 

Dayton, OH 45414 2045 Chenauk 
(513) 1198-4480 Carrollton, TX 75006 

Marshallinduslries 
(214) 233-0200 

30700 Bain Bridge Road 
UnkA 
Solon, OH 44139 
(216) 248-1788 
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Marshall Industries 
1200 Barranca 
Bldg. 5, Suite A 
EI Paso, TX 79935 
(915) 593-0706 

Marshallinduslries 
2635 South Highway 77 
Harlingen, TX 78550 
(512) 421-4621 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 

Milgray Electronics 
16610 N. Dallas Pkwy 
Suite 1300 
Dallas, TX 75248 
(214)248-1603 

Westem Microtechnology, Inc. 
2545 Tarpley Road 
Suks 151 
Dallas, TX 75006 
(214) 416-0103 

Westem Microtechnology, Inc. 
2500 Wilcrest, 3rd Roor 
Houston, TX 77042 
(713) 954-4650 

Utah 

Marshall Industries 
466 Lawndale Drive 
SuiteC 
Salt Lake City, UT 84115 
(801) 48&-1561 

Milgray Electronics 
4190 S. Highland Drive 
Suite 102 
Salt Lake City, UT 84124 
(801) 272-4999 

Washington 

Insight ElecIronics, Inc. 
12002 115th Avenue, NE 
Kirkland, WA 98034 
(206) 820-8100 

Marshall Industries 
11715 N. Creek Parkway 
Suite 112 
Bothwell, WA 9801 
(206) 486-5747 
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FMI Distributors - USA (Continued) 

Washington (Continued) 

MarshaJllndusbies 
15359 NE 901h Street 
Redmond, WA 98052 
(206) 86~7557 

Westem Microtechnology 
14636 N.E. 951h Street 
Redmond, WA 98052 
(206) 881-6737 

Wisconsin 
Classic Components 
2925 S. 160th Street 
New Berlin, WI 53151 
(414) 786-6300 

Marsh Electronics 
1563 S. 101stStraet 
Milwaukee, WI 53214 
(4t4)475-6000 

Marshallindusbies 
20900 Swenson Drive 
Suite 150 
Waukesha, WI 53186 
(414) 797-6400 

Sales Information 
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FMI Distributors - Canada 

British Columbia 
ITT Industries 
3455 Gardner Court 
Burnaby. B.C. V5G 4J7 
(604) 291-8866 

Acliw ComponenlB 
1695 Boundry Road 
Vancouvar. Be. V5K 4)(7 
(604) 294-1166 

Ontario 
ITT Industries 
300 North Rivermede Road 
ConCOld. ON lAK 2Z4 
(416)736-1114 
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Marshall Industries 
4 Paget Road 
UnilB 10 & 11 
Bramton. ON L6T 5G3 
(416) 458-6046 

Milgray Elec1ronics 
150 Consumers Road 
Suite 502 
Willowdale. ON M2J 4R4 
(416) 756-4481 
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auebec 
MarshaJllndustries 
148 Brunswick Blvd. 
POinte Claire. au H9R 5P9 
(514) 683-8440 

AcIiWI ComponenlB 
237 Hymus BlVd. 
Point Claire. au H9R 5CF 
(514)694-7710 



Dynamic RAM Dars Book Sales Information 

Fujitsu Electronic Devices Europe* Sales Offices for Europe 

FMG - Benelux 
Fujitsu Mikroeleklronik, GmbH 
Europalaan 26A 
5623 W Eind'loven 
The Netherlands 
Tel: (40) 447440 
Telex: 511265 
FAX: (40)444158 

FMG-France 
Fujitsu Mikroeleklronik GmbH 
Immeuble Ie Trident 
3-0, lIOie Flilix Ebow 
94024 erelllil Cedex 
Tel: (1) 42078200 
Telex: 262861 
FAX: (1) 42077933 

FMG - Germany (Central) 
Fujitsu Mikroelektronik GmbH 
l¥aner Stras&e 44-48 
Arabella Cenllllr 9. OG 
6000 Frenklurt 71 
Tel: (69) 66320 
Telex: 411963 
FAX: (69) 6632122 

FMG - Germany (Southwest) 
Fujitsu MikroeleklrDnik GmbH 
Am Joachimsberg 10-12 
7033 Herrenberg 
Tel: (7032) 4085 
Telex: 7265485 
FAX: (7032) 4088 

FMG - Germany (South) 
Fujitsu MikIoeleklrDnik GmbH 
Call-leiss-Ring 11 
8045 Ismaning 
Tel: (89) 9609440 
Telex: (17) 897446 
FAX: (89) 96094422 

FMIL-ltaly 
Fujitsu Microelectronics ltalia S.R.L 
CenIrD Oirezionale Milanofiori 
Strada 4 - Palazzo Al2 
20094 Assago (Milano) 
Tel: (2) 82461701176 
Telex: 318548 
FAX: (2) 8246189 

'Fujitsu Mlkroelektronlk, GmbH (FMG) 
FUJltau Microelectronics, Ltd. (FML) 
FujItsu Mlcroalectronic ltalla S.R.L. (FMlL) 

FML - ScandinavIa 
Fujitsu Microelectronics Ltd. 
Torggatan8 
17154So1na 
SWeden 
Tel: (8) 7646365 
Telex: 13411 
FAX: (8) 280345 

FML - UnHed Kingdom 
Fujitsu Microelectronics Ltd. 
Hargrave House 
Belmont Road 
Maidenhead 
Berkshire SL6 6NE 
England 
Tel: (628) 76100 
Telex: 848955 
FAX: (628) 781484 

6-19 



Sales Information Dynamic RAM Data Book 

FMG, FML and FMIL Distributors - Europe 

Austria Maorarn (Groupe SCAIB) P & T Electronics b.Y.-

Eljapex Handelsges mbH 6, rue Ie Corbusier P.O. Bcx329 

Eitnergasse 6 Silic424 2908 AH Capelle aid IIssel 

1232Wien 94583 Rungis Cedex Tel: (10) 4501444 

Tel: (222) 661531 Tel: (1) 46668170 Telex: 26096 

Telex: 133128 Telex: 204674 FAX: (10) 4507092 

FAX: (222) 863211 FAX: (1) 45605549 

MHVlEBV Elektronik Germany 
Norway 

Oielenbachgasse 3516 Odin Electronics AS 

1150Wien 
Eljapex GmbH P.O. Bcx 160 

Tel: (222) 838519 
Felsenauerslr. 18 2020 Skedsmokcrset 

Telex: 134946 7890 WaldshUl-Tl8ngen Tel: (6) 875480 

FAX:(222) 8941n4 
Tel: (n51) 2035 FAX: (6) 875430 
Telex: (n51) 6603 

Belgium Micro Halbleiter GmbW Portugal 

MHVlEBV Elektronik Jigenveg 10 Niposom J. Nabais LOA 

Excelsio~aan 351 8012 Ottobrunn Rua Humbeno Cruz 4 

Avenue Excelsior 35 Tel: (89) 6096068 1900 Usboa 

1930 Zavenlem Telex: 5213807 Tel: (1) 894637 

Tel: (2) 7209936 FAX: (89) 6093758 Telex: 14028 

Telex: 62590 FAX: (1) 809517 

FAX: (2) 7208152 Haly 
Malpassi S.R.l. Spain 

Denmark Via Baravelli, 1 Comella SA 

Nordisk Elektronik AS- 40012 Calderara di Reno Pedro IV-84, 5° PI 

Transformervej 17 (Bologna) 08005 Barcelona 

2730 HeMY Tel: (51) 727252 Tel: (3) 3OOn12 

Tel: (42) 842000 Telex: 583118 Telex: 51934 

Telex: 35200 FAX: (51) 727515 FAX: (3) 3005156 

FAX: (44) 921552 Comella SA Ireland 
Emilio Munoz 41 

Finland Allied Semiconductors Intemationalltd. Nave 1-1--2 
AspecsOY Unit 1 28037 Madrid 
P.O. Bcx75 Distribution Park Tel: (1) 7543001 
01601 Vantaa Shannon Industrial Eslate Telex: 42007 
Tel: (0)5666666 Shannon FAX: (1) 7542151 
FAX: (0)5666051 Co. Clare 

Tel: (61) 61n7 Sweden 
France Telex: 70358 

FAX: (61) 363141 Martinsson Elektronik AB 
F2S (Groupe ASAP) InstrumenMigen 16 
2, avenue des Chaumes The Netherlands P.O. Bcx 9060 
78180 Montigny Ie Bretonneux 

MHVlEBV Elektronik 
12609 Hagersten 

Tel: (1) 30438233 Tel: (8) 7440300 
Telex: 608887 Planetenbaan 2 Telex: 130n 
FAX: (1) 30570719 3606 AK Maarssenbroek FAX: (8) 7443403 

Tel: (3465) 60791 
Elbatex Telex: 76089 
4 bis Burospace FAX: (3465) 642n 
91571 BieVfes Cedex 
Tel: (1) 69412800 
FAX: (1) 69412846 

-This Distributor has an ASIC Design Center 
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FMG, FML and FMIL Distributors - Europe (Continued) 

SWitzerland 
EljapexAG" 
Hardstrasse 72 
5430 Wellingen 
Tel: (56) 275n7 
Telex: 826300 
FAX: (56) 261486 

UnHed Kingdom 
Hawke Component Disbibution 
Unit 26 
Campbell Court 
Bramley Nr. Baslngstoke 
Hants 
RG265EG 
Tel: (256) 880800 
FAX: (256) 880325 

"This Disbibutor has an ASIC Design Center 

Pronto Electronic Systems Ltd. 
City Gate House 
399/425 Eastern Avenue 
Gants Hills 
IIlord 
Essex IG2 6LR 
Tel: (15) 546222 
Telex: 8954213 
FAX: (15) 183222 
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Fujitsu Microelectronics Asia PTE Limited (FMAP) Sales Offices for 
Asia, Australia and Oceania 

Taiwan 
Fujitsu Microelectronics Pacific Asia Ltd. 
TWBranch 
1906 No. 333 Keelung Road 
Sec. 1 Taipei 10548 
Taiwan, Republic of China 
Tei: (02) 757~8 
Telex: 17312 FMPTPI 
FAX: (02) 757-M71 
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Singapore 
Fujitsu Electronics Asia PTE Ltd. 
106-04107 Plaza by the PB/1( 
51 Bras Basah Road 
Singapore 0718 
Tel: (65) 336-1600 
Telex: RS 55573 FESPL 
FAX: 336-1609 

Hong Kong 
Fujitsu Microelectronics PacifIC Asia Ltd. 
616-617, Tower B 
New Mandarin Plaza 
14 Science Museum Road 
Tst East, Kowloon 
Hong Kong 
Tel: 7230393 
FAX: 7216555 
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FMAP Representatives - Asia and Australia 

Australia 
Pacific Miaoelec1rOnics PTY Lid. 
Unit A2O, Central Park 
4 Central Avenue 
P.O. Box 189 
Thornleigh NSW 2120 
Australia 
Tel: (02) 481-0065 
Telex: 24844460 
FAX:(02)4~ 

Korea 
KML Corporation 
31F Bangbae Slalion Bldg. 
981-15 Bangbae a-Dong 
Shuc:ho-gu, 
Seoul, Korea 
Tel: 0(2) 588-2011 
Telex: K25981 KMLCORP 
FAX: (02) 588-2017 

Sales Information 
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FMAP Distributors - Asia 

Hong Kong 
Faminl (HK) lid. 
Room lli02, 1 !IF 
No. 111 l.8ighlan Road 
cau_yBay, 
Hong Kong 
Tel: 5760130 157601. 
FAX: 5765619 

Mobican Elednlnic Supplies Company 
Basement 810-14, Sino Canba 
582-692 NaIhan Road 
Mongkok, KowIeen 
Hong Kong 
Tel: 7801150/7801139 
FAX: 7702472 
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Singapore 
Cony ElacIronics (S) PTE lid. 
10 JaIan Beser 
03-25 Sim Lim T_ 
Singapore 0820 
Tel: 296-2111 
Telex: CONY RS34808 
FAX: 296-0339 
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Tal_n 
FalminI (Taiwan) Co., lid. 
Room 113, 101F 
No. 246, Sec. 2 
Chang An East Road 
Taipei 
Taiwan 
Tal. 025040822 
FAX: 025051963 
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November 1989 
Edition 1.1 

Abstract 

Various Features 
of 

Fujitsu DRAMs 

Applications Engineering Department 
Fujitsu Microelectronics, Inc. 
Integrated Circuits Division 

DRAMs are not only becoming denser, but a1so increasingly varied in scope. This note comprehensively 

describes the assorted features and various refresh modes available in Fujitsu DRAMs. Also discussed are 
standard memory board design tips and a 32-bit microprocessor application. 

.. 
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Introduction 
DRAMs are almost as old as the first microprocessor-based computers, yet new features are continually 

being introduced to DRAM technology. This publication consolidates and explains many of the various 

features found on present day DRAMs. Although all these features are not found on a single DRAM, they 

are available in fujitsu's extensive DRAM family. 

DRAM Features 

Fast Page Mode 
Fast page mode (also known as ripple mode) is a unique mode designed to decrease power consumption 

and access times between memory read or write cycles. Quick access to different columns in the same row 

is accomplished by keeping the Row Address Strobe <RAS> low throughout the operation. Then a new 

column address is applied and the Column Address Strobe ~) is brought low and valid data is either 

read from or written to the memory cell depending upon the value of the Write Enable <WID. ~ is then 

brought high and a new address is applied. ~ is again brought low to latch the address. A timing 

diagram for the CM05I-megabit DRAM (MB8ICIOOO) is shown in Figure 1. 

Nibble Mode 

Nibble mode allows high-speed reading and writing of data. An example of I-megabit DRAM address 

generation using nibble mode is shown in Table 1 where the starting address is O. The procedure 

represented by this table is to access a memory cell, in either the normal read or write manner, then to 

toggle~, which enables an internal address generator that automatically sets row address (RA) 9 to 

high (1) yet leaves all other bits unchanged. By toggling ~ once more the internal address generator 

causes RA9 to go to low (a) and column address (CA) 9 to go to high (1). Another toggle of~ causes 

RA9 to go to high (t) and CA9 to remain high (1). One last toggle of ~ causes RA9 and CA9 to return to 

their original state and the entire process repeats. 
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There are two advantages to using this method of internal address generation. The first advantage is that 

read/write cycle times are reduced to 50 ns (for Fujitsu's MB81C1001-OO, a 1,()48,576 x 1 bit Nibble Mode 

DRAM), which is faster than comparable DRAM cycle times by at least a factor of three. The second 

advantage is that the system chip count is reduced since there is no longer a need for external glue logic. 

One practical implementation of nibble mode is accomplished by grounding A9, thereby making RA9 and 

eA9 the least Significant bits (LSBs) in an address. Once A9 is grounded, sequential memory accesses can 

be made simply by toggling CAS. 

ADDRESSES ~'H
'c-_,,,,=~ 

V'H-----~--~~--------~~t+------_+T_~,+_----_*~--------~--

~ -~ 
ClIlJ 

ClIlJ 

ClIlJ 

Normal 
ClIlJ 

7·10 

v,c-__ +-...J 

DOUT 

8ft RA8 RA8 -1 0 0 

2 1 0 

3 a a 

4 1 0 

1 0 0 

tOP 15110 min. 
lRCD • 2D 110 min • 
1CSH • 100 110 min. 
1RAC • 100 110 max. 

1CAS • 
lRAS • 
10N 
1M 

30 nl min. 
1001'11 min. 

5 na min. 
50 110 max. 

Figure 1. Fast Page Mode Read Cycle 

Table 1. Address Generation Using Nibble Mode 

RA7 RAe RA5 AM AA3 AM RAl -CAS CAS CA7 CAlI 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

a a a a a 0 a 0 1 a a 0 

a a 0 0 0 0 a 0 1 0 0 a 

0 0 a 0 a a 0 a a a 0 0 

'O"H"or"C" 

~ Valid Data 

~ Invalid Data 

CAS eM CAS CA2 

0 0 0 0 

0 0 0 0 

0 0 0 a 

a a a a 

0 0 0 a 

CAl 

0 

0 

a 

a 

0 

CAD 

0 

0 

a 

a 

a 



November 1989 
Fujitsu Microelectronics. Inc. 

Static Column Mode 
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A Static Column DRAM (SCRAM) offers a significant speed advantage. Sequential accesses are made in 

nearly 50 percent of the time it takes to make random accesses. A typical read/write cycle can be done in 

55 ns (Fujtsu's MB81ClOO2-10, a 1,048,576 x 1 bit Static Column DRAM). This is the closest a DRAM comes 

to being operated as a less complex, fast SRAM. The procedure followed by a SCRAM is to apply a row 

address, latch it by dropping the ~ then apply a column address and latch it by dropping the CAS. To 

access more column addresses there is no need to strobe a column address anymore. Instead, the new 

column address is applied at any time and new data becomes available after a short delay time (tAA). To 

access any random column, apply the column address and the data appears after a short delay time. A 

comparison of static column mode versus fast page mode reveals that random column addresses for fast 

page mode are latched by dropping the CAS, while column addresses for the static column mode are 

randomly applied while the CAS is low. See Figure 2 for a timing diagram. 
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RAS 

CAS 

AD to Ao 

WE 

V1H __ 

VIl.--

VIH-

VIl.--

DOUT VOH--
VOI.--

November'. 
FuHrsu Afc:!pa\!ct!!!! Ing. 

~----------------------t~c--------------------~ ____ ~_~--------------t~--------~--~~--~ 

lAC _ laolll_ 
tACO - 211111 min. 
tHAD _ 211111 min. 
lIlAC _ 100111-' 

tAR 

tACH -
1M 
\SC 

75 ... min. 
10111_ 
50111 -. 
56111 min. 

Figure 2. ~lcal Static Mode Read Cycle 
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Comparison of DRAMs 
Table 2 lists the specifications of the various DRAM features. 

Table 2. Comparison of DRAMs 

Type of DRAM Mode Cycle TIme (ns) lYpe of Accese Access Time (ns) 

Fast page mode (-8» ,-=25ns Ipc= 55 ns Random c:oiumns 

Nibble mode (-8» '-=25ns foe- 50 ns Sequential columns 

Static: column mode (-8» 1M-50ns lee =55 ns Random c:oiumns 

Internal DRAM Operation 

Various Features 
of Fujitsu DRAMs 

Total Accessible BIIa 

1024 

4 

1024 

To the average user, DRAMs are thought of as a simple storage device. However, DRAMs consist not only 

of storage capacitors but also internal decoders, sense amplifiers, buffers and address transition detectors 

(AID). The following paragraphs will discuss DRAM inner circuitry in more detail. 

Multiplexed Addressing 

Present day DRAMs have exactly half the number of actual address pins needed to address all the words 

in the DRAM. Oever use of multiplexed address pins makes it possible to address 1 megabit of words 

with only 10 actual addresses in the pin assignment. This is accomplished by latching RAO through RA9 

(the row address) on the fall of the RAS and then applying new addresses to CAO through CA9 (the 

column address) and latching them on the fall of the CAS, thereby accessing 1 megabit of words by 

applying only 10 a,!Idress lines at one time. This approach allows for more compact packages. 

Word Line versus Bit Line 

Even though a I-megabit DRAM is physically arranged as 1024 rows and 1024 columns, for refresh 

purposes the operation is that of 512 rows and 2048 columns. This effectively halves the number of refresh 

cycles needed from 1024 to 512 thereby decreasing the amount of time the system wastes in refreshing. 

A schematic of a single cell is given in Figure 3. Access to each cell in the DRAM is accomplished by 

connecting to one of 512 row lines (referred to as word lines), and to one of 2048 column lines (referred to 

as bit lines). The input row address is applied to a row decoder which selects one of the 512 rows. The 
input column address is applied to a column decoder which selects one of the 2048 columns. By this 

method one of the 1,048,576 storage cells is singled out. 

WordUne 

Bit 
Une 

Figure 3. One Transistor (and One Capacitor) RAM Cell 
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Sense amplifiers are necessary to correctly read the stored value in each cell storage capacitor. Since each 

cell capacitance has a value in the femtofarad (10-15 farads) range, while the interconnecting lines have 
capacitance values in the picofarad (10-12 farads) range, it is not difficult to understand why the stored 
voltage can be corrupted by noise during transfer to the output buffers. This obstacle is overcome by 
comparing the stored or unstored charge to a known charge in a "dummy cell." Once the comparison is 
completed the output is amplified by the sense amplifiers resulting in better noise immunity. 

Memory Board Design Rules of Thumb 

Decoupllng and Isolation capacitors 
An inherent system-level problem in DRAM designs is transient noise resulting from Switching internal 
currents during refresh cycles. During refresh, DRAMs can require peak currents in the 50- to tOO-mA 
range. Most of the instantaneous current demand is supplied by the decoupling capacitor. In addition to 
supplying instantaneous current, the capacitor must also meet the following requirements: 

• Low inductance and low effective series resistance to minimize the voltage drop across the 
device. (These parameters are a function of the capacitor type.) 

• A capacity to absorb the voltage bumps that occur due to fast edge rates during DRAM access. 

Ceramic capacitors have been found to best meet the above requirements. Using a 0.22 jlF decoupling 
capacitor for each DRAM in a t-megabit application yields the following acceptable voltage undershoot 
for a 250 ns cycle: 

VUllder = (I * t)/C = (100 rnA * 250 ns)/O.221JF = 114 rnV 

Another necessary capacitor needed on a DRAM memory board is the isolation capacitor for the incoming 
main power bus. Since wiring from the power supply to the memory card can have Significant resistance 
and inductance, which results in power supply ripple and noise, it is recommended that a 50- to l00-mF 
electrolytic capacitor be inserted. 

Power Up Recommendations 
DRAMs have historically needed mUltiple input voltages for substrate bias generation. Currently, all that 
is needed is 5 V because the substrate bias generator is internal to the chip. The bias generator takes 
approximately 200 ms to stabilize the substrate voltage hence it is recommended that the tAS and RAS be 
on high during this time period. There are two reasons for keeping the RAS and tAS high in a dense 
memory board. The first is that if the RAS and tAS were both low, the DRAMs would draw much larger 
currents, which could result in a system failure. The second reason is that all the DRAM output levels 
during power up are unknown, so if the RAS and CAS were low, there could be data contention in the 
case of wired AND outputs. However, if the RAS and CAS were high then the outputs would not conflict 
since they are guaranteed to be in the high-impedance state. 

Once power up has been established, it is necessary to perform eight dummy cycles to stabilize the 
internal circuitry. The type of cycle (read, write, tAS-before-RAS, hidden refresh) required depends on 
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whether the internal refresh counter will be implemented or not. (Check the data sheet of the specific 

device.) 

Undershoot and Ringing 
Undershoot and ringing occur only when line voltages go from high to low or from low to high 

respectively and not during static state operation. Undershoot and ringing are caused by noise, inherent 

transistor Switching characteristics, and mismatched impedances between the driver output, the signal 
line, and the load. 

Undershoot and ringing due to mismatched impedances can be effectively eliminated by understanding 

their cause and implementing good design techniques. In present high-frequency applications, line 

impedance is a function of line capacitance and line inductance is as given by the following equation: 

z= (UC) 112 

There is approximately 10 nH of inductance per inch in a 13-mil wide trace. Similarly, there is 

approximately 4 pF of capacitance per inch in a 13-mil wide trace. So it is easy to see how the impedance 

of traces can be 50 ohms. 

From physics we know that if an initial voltage (Vo) meets a mismatch between the line impedance (Zo) 

and the load impedance (Zl), Vo will break into two separate components: transmitted voltage (Vt) and 

reflected voltage (Vr). The reflected voltage equation is as follows: 

Vr = [Yo (ZI- Zo)J{(ZI + Zo) 

When load impedance is equal to line impedance there is no reflected voltage wave. When there is 

mismatch between load and line impedance, the reflected wave causes oscillations in Vo resulting in 
ringing and undershoot. 

The best way to prevent ringing and undershoot is to put a 20- to 3O-ohm series damping resistor in all 

trace circuits to the DRAM. This generally decreases load and line impedance mismatch enough to 

significantly decrease undershoot and ringing. 

The Difference Between Soft and Hard Errors 
A soft error is a bit error that disappears when a system is rebooted. A hard error causes permanent 

damage to a particular cell, or group of cells, in a memory device. Consequently, random soft errors are 

much more difficult to trace and fix, whereas hard errors are only remedied by replacing the entire chip. 

Soft Error causes 
There are two major causes of soft errors. The first cause is alpha particles emitted by radioactive 

impurities in memory component packages. The stray alpha particles cause ionization along their paths, 

thus changing the charge stored in the memory cell. The second cause of soft errors is internal noise in the 

die. Internal noise problems can only be eliminated by prudent and proven transistor design techniques 

such as those used by Fujitsu's Design Engineering Group in Kawasaki, Japan. Fujitsu has taken extensive 

steps to decrease soft errors due to alpha particles by implementing the following design techniques: 
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• Using metal bit lines which physically reduce the size of alpha particle-sensitive portions on the 

die. 

• Applying a thin layer of polyamide (which is known to absorb alpha particles) to the die. For 

example, a 3.5-mil thick polyamide coating can stop most alpha particles from entering and 

corrupting cells. 

Fujitsu has also designed and manufactured a full line of CMOS DRAMs since CMOS has better noise 

immunity and it is also inherently less prone to soft errors than NMOS. 

The number of failures that can be expected due to soft and hard errors is minute. Table 3 displays the 

number of expected soft errors per device for a time period of one billion device hours. The industry 

nomenclature for device failures is failures in time (FITs). 

Table 3. Failures Per Billion Device Hours 

Fujitsu Device ·Soft Errors 

256 k DRAM <500 FITs 

1 MlitDRAM <1000 FITs 

4M1itDRAM <1000 (largel) FITs 

Hard Error causes 

Lafl:hup 

One of the disadvantages of CMOS is the inherent problem of Iatchup. Latchup occurs from parasitic 

bipolar actions and results in excessive current-sinking logic which destroys the device. Fujitsu reduces 

the possibility of Iatchup by using the following preventative measures: 

• Incorporating substrate bias generators on the die so that uniform substrate potential of the 

transistors is maintained. This prevents the parasitic diodes from forward biasing (which would 

permit excess current to flow) when undershoot occurs. 

• Clamping diodes on the inputs which prevents excessive undershoot voltages from occurring. 

ElecttuMIIo DUt:IwrIe 

Since MOS has high input impedance and low breakdown voltage, another inherent CMOS disadvantage 

is device sensitivity to electrostatic discharge (ESD). Fujitsu offers ESD protection in the thousands of volts 

range, in addition to undershoot and overshoot protection. The input protection circuitry for I-megabit 

DRAMs is shown in Figure 4. Grounding any people or machinery that touch the device will nearly 

eliminate ESD failures. 
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Input Rpoly Rdill 

Sub 

AI 
Field 

Figure 4. 1-megablt CMOS DRAM Input Protection Circuit 

Dual-Port DRAMs 

Various features 
of fujitsu DRAMs 

Since memory is inherently parallel and video data is inherently serial, graphics systems have always 

needed parallel-to-serial shift registers. The extra logic needed to perfonn graphics tasks increased delay 

times, used board space, and was not very efficient in high-end graphics applications. These drawbacks 

have completely vanished with the introduction of Dual-Port DRAMs. 

Dual-Port DRAMs are designed to bridge the parallel-to-serial gap by having separate parallel and serial 

ports. This feature pennits image memory to be updated while previous data is being shifted out to the 

display. The transfer of parallel data to serial data is accomplished by an on-board parallel-to-serial shift 

register. Conversely, because the serial port has its own clock, it is possible to load the serial port, then 

shift the data to the parallel access RAM. This type of data manipulation reduces the problem of bus 

contention especially apparent in display applications. In fact, the Dual-Port DRAM is almost exclusively 

used for video applications; it is also called a Video RAM. 

Bit Masking 
Bit masking is used to inhibit (mask) writing to certain bits of nibbles. It is found only in Dual-Port 

DRAMs where it is most useful in quickly manipulating and operating on individual pixel data. 
The advantage of bit masking is that instead of doing a read-compare-modify-write cycle, only a masked 

write is necessary. The pins used in masking are RAS, CAS, WE' mask enable <m>, masked data (MD) 

<0 .. 3>/data out (DQ) <0 .. 3>, and output enable rom. Figure 5 shows the timing for bit masking. 
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Ii.IElWE' 

MOO'DQO 

MOl/DOl 

MD2IDQ2 

MD3IDQ3 

Row 

No change 

No change 

Figure 5. Bit Masking 
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Note2 

"L" is written 

Nochangs 

"H" is written 

No change 

Nol.: 1 At the faD of ~ (and HOE' = H and lYlE = H). all MO inputs lIlal are high will be prepared to receive new data. MO inputs 
lIlat are low at the fall of ~ will not be prepared to be rewritten. 

2At the fall of lYlE lIle new data present on all MO pins IIlat were high at lIle fall of ~ will be written to lIle appropriate bit of 
lIle memory. 

DRAM Refresh Methods 
DRAMs are basically made up of decoders, latches and capacitors. Capacitors store charges applied to 

them. Due to leakage, capacitors also dissipate that charge. Consequently, in order to retain their data, all 

DRAMs need to be periodically refreshed with a pulse to each cell. Methods of refreshing vary from 

device to device. Some of these methods are discussed in the following paragraphs. 

RJ;S-Only Refresh 
RAS-only refresh causes the output buffer to remain in a high-impedance state until certain RAS and CAS 

timing parameters are met. This type of refresh cycle is ideal for wired-OR outputs. External glue logic 
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generates row addresses and timing parameters so that all rows are refreshed within the allotted refresh 

cycle time. Also, whenever a row is accessed for a read or write operation it is refreshed. A two-step 

process is required to refresh all the cells. 

1. Initially the RAS and ~ are high. Then a row address is applied and the RAS is brought low, 
thereby refreshing all cells in that row. 

2. After the RAS is brought high, a new row address is applied and the procedure repeats. 

A timing diagram is shown in Figure 6. 

~--------~c--------------~ 
vH -

VIL-

_______________ ~~-----tR~---~~--------------~ 
""f---------------.;zr 1------ tRP ----I 

Ao tctAl 

VH- ----------~~----------------------~~-----------------V .. - ____ ....... 

tOM 
OCUT VOM - ::====;=~E--------------HIGH-Z-----------VOL -: 

DESCRIPTION 
Gll!!I.H ..... L. 

lIe"uh '" RAM memory c .... II accllll'lPhhed by performing a •• ad. a wr~ •• ct. a .ead-modily-wrlte eycle at each 01 512 
row _ ••••• ""ery •• 2-m111eeconclo. Three ref ... h mode. are avalable: JIlt!-onIy .e"eah. ClAJ-belo.e-ltli§ .elresh. and 
_.erruh. 

ltli§-only refrHlI II performed by keeping JIlt! Low and ~ High throughout the cycll: the .ow addres. to be refreshed Is 
latched on the failing edge '" JIlt!. DurIng JIlt!-onIy ,,"uh. OCUT pin 10 kept In a hlgh-lmpadance slate. 

Figure 6. Typical FIl(S:.Only Refresh Cycle 

CjUf Before ~ Refresh 

~ before RAS refresh eliminates the need for extemallogic to generate refresh addresses. When using 

the CAS before RAS refresh, a one-time start-up procedure must be undertaken enabling this feature and 

ensuring proper device operation. This procedure initializes the internal address generator. 

One requirement of the procedure is that when power is applied, the CAS and RAS should be high. After 

power stabilization, the ~ should go low before the RAS goes low. This cycle has certain setup and 

hold time constraints, depending on the particular chip being used, but generally speaking at least eight 

CAS before RAS cycles must occur to initialize the internal counter. 

Once this procedure is completed the normal CAS before RAS refresh operation is as follows: 

1. The CAS is brought low then the RAS is brought low. 

2. The refresh address is supplied by an internal address generator. 

A timing diagram is shown in Figure 7. 
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====3t------------HIGH-ZZ.----------
DESCRIPTION 

m-belora-lIA§ refrallh II en on-chip refresh capabllty thet ellr'Mlates the .... d for ext.mal refre.h addr •••••. II m I. 
held Low lor the _clfled .etup tJrne (teM) belorellA§ _ Low. the on-chIp refrellh control clock g ..... atore _ r.fr •• h 
addre .. counter ara en_. An Internal refrellh operation automatically occurs _ the refr •• h addr.o. count.r I. 
1nt8rhally Incremented In preparation for thl next m-before-liA! refrallh operation. 

tCHR - 15na min. 'RAS _ IIl6 III min. 
tCSR _ 0111 min. tRC • 200 n8 min. 
\OFF - 251'11 flU. 'RPC _ 20 III min. 

Figure 7. Cl{S' Before 'AU Refresh Cycle 

Hidden Cl{S' Before 'AU On-Chip Refresh 

Hidden 'CAS before RAS on-chip refresh is similar to a CAS before RAS refresh except that data remains 

valid on the data pins as long as the 'CAS is low. Because the internal address counter is used in this cycle, 

at least eight dummy CAS-before-RAS refresh cycles should occur immediately after power-up. For this 
type of refresh, keep the 'CAS low at the end of a nonnal read or read-write cycle, and then bring the RAS 

high, then back to low. Since data remains valid on the output until the CAS goes high, this cycle is an 

extended read or write cycle in the foreground and a "hidden" refresh cycle in the background. A timing 

diagram is shown in Figure 8 . 
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iiAs 
v .. -
VIL-

CAs 
VIH-

V .. -

All I. AI 
VIH-

(Read) VL-

WE V .. -
(Read) V .. -

DOUT 

!CAS • 10.. min. IRCO • :2D.. min. 
tA8R • 0111 min. IRRH. 0.. min. 
IAAH • 10M" ICHR • :2D.. min. 
IIIAII • 101 .. min. ICAB • 155.. min. 
lAC • 2110.. min. !CAe • 50.. min. 

IlIAC • 100.. min. 

Figure 8. ~lcal Hidden ~ before JUS Refresh Cycle 

DRAM Implementation In an MBL80286 Environment 

Various Fsatures 
of Fujitsu DRAMs 

Figure 9 shows a typical implementation of an MBL80286 microprocessor, an MB1430A DRAM controller, 

an MBL82288 bus controller and several I-megabit DRAMs. The memory is organized in two banks; one . 

bank contains the data of odd addresses and the other bank contains the data of even addresses. This type 
of configuration is known as interleaving memory. The main advantage to such an organization is that 

while one bank of memory is in tRP (RA5 precharge time) the second bank is accessed by the bus. Then, 
while the second bank is in tRP the first bank is accessed by the bus. This decreases the perceived DRAM 

cycle time. Interleaving memory is an optimum configuration as long as the same bank of memory cells 

doesn't need to be accessed sequentially. 
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Figure 10 shows the RASO and RAS1 timing that allows interleaving. If the same bank is accessed 

sequentially then the microprocessor must generate wait states and endure the tRP. The odd or even bank 

is selected depending on the value of bus high enable (BHE) and AO. The size of the operation taking 

place (word or byte) can also be determined by polling mm and AO. This relationship is shown in Table 4. 

1"'.---- 181 RAM Cycle ------1"'.---- Sid RAM Cycle -I 
~-----,,-L-- tAP --~~_/ 

"'r~-- 2nd RAM Cycle 

,-------cLio---IRP --I 
-I 

"FI1tS1 

Figure 10. 'RXS TIming of Interleaving Memory 

Table 4. Relationship Between SHE, AD, and Size of Operation 

BRE AD Operation 

0 0 Wold Transfer 

0 1 Byte Transfer on Upper Half of Data Bus (015-08) 

1 0 Byte Transfer on lower Half of Data Bus (07-00) 

1 1 Reserved 

The purpose of the octal latches in the Figure 9 schematic (MBL8282) is two-fold: first to demultiplex the 

address lines and secondly to increase the total drive capability to 32 rnA. Once the address lines have 

been demultiplexed they become inputs to a DRAM controller. The DRAM controller generates the 

necessary RAS and CAS timing on the RAW,~, RAST, and CA5f lines. The MB1430A DRAM 

controller can accommodate various microprocessors including the Motorola 68000. In addition, the 

MB1430A can drive up to 44 DRAMs without the use of drivers. 

There are also two purposes for using the bus transceivers in the Figure 9 schematic is two-fold: first to 

demultiplex the data lines from the multiplexed address-data lines, and second to allow microprocessor 

read-writes. In the case of a write operation, once the data has been demultiplexed it is put through a 

bidirectional bus driver which allows data to be read and increases the drive capability. The direction of 

data flow is determined by the data transmit/receive (DT lro pin. The bus controller in the Figure 9 

schematic orchestrates the entire system under the control of the microprocessor, MBL80286. The signals 

output by the microprocessor determine the operation taking place (see Table 5). 
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Table 5. MBLB0286 Bus Cycle Status Definition 

'Sf SO Bus Cycle Initiated 
0 0 Interrupt Acknowledge 

0 1 Reserved 

1 0 Reserved 

1 1 None: Not a Status Cycle 

0 0 If A 1 = 1 Then Halt; Else Shutdown 

0 1 Memory Data Read 

1 0 Memory Data Write 

1 1 None: Not a Status Cycle 

0 0 Reserved 

0 1 1J0Read 

1 0 1/0 Write 

1 1 None: Not a Status Cycle 

0 0 Reserved 

0 1 Memory Instruction Read 

1 0 Reserved 

1 1 None: Not a Status Cycle 

DRAM modules are dense memory packages that are a fraction of the size of the same memory structure 

in a board design. Some of the common module sizes are 1M x 9, 256 k x 9, and 16 k x 32. 

Summary 
Fujitsu DRAMs offer a selection of features that include: fast page mode, nibble mode, and static column 

mode. FUjitsu also manufactures dual-port DRAMs and DRAM modules . 
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Abstract 

The Soft Error Rate for 4M DRAM Devices 

By Adrian B. Cosoroaba 
Standard Products Marketing Department 

Fujitsu Microelectronics, Inc. 
Integrated Circuits Division 

Copyright© 1990 by Fujitsu Microelectronics, Inc. 

Alpha particles (helium nuclei) emitted by trace quantities of radiative elements in the DRAM packag
ingmaterialscan cause temporary errors in a memory array and its operation. These errors resuJt from changes 
in the amount of electron charge stored on the capacitor of the memory cell, as well as changes in voltage levels 
of activated bit lines. The changes are temporary, in that a write to the affected memory cell can correct the error, 
which is called a soft error. This application note explains the process of soft errors and estimates the soft error 
rate (SER) for Fujitsu's4M DRAM devices under accelerated conditions. The4M DRAM is compared with Fu
jitsu's 256K and 1M devices to show the improvement in soft error rate. 
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The Soft Error PhenOmenon 
The package material of DRAMs contains trace quantities of uranium and thorium which can emit 

alpha particles of various energy levels. These alpha particles (helium nuclei consisting of two protons 

and two neutrons), upon impact with the silicon crystal lattice, produce electron-hole pairs. The dislocated 
electrons can be attracted to the potential well (that forms the capacitor plates of the memory cell) and 

change the electrical state of the memory cell. The capacitor becomes charged and the logic state changes 
from '1." to "('f' (Figure 1);. i.e., the memory cell mode of producing a soft error. 

Poly-Si (I) 
Wold-Une 

Cross Sactlon of All Layers 

a particle 

l~~~Wf/;!~~t." PoIv.-Si (IV) rA Bit-Una 
Polv-Si (III) 
Cell-Plate 

Poly-Si (II) 
CeN Storage Node 

Figure 1. 4M DRAM Stacked Capacitor Cell 

Soft errors can also be produced by alpha particles through another mechanism, one that involves 

the bit lines. When the information in the memory cell is read out to the bit line, a potential comparison is 
made. When electrons generated by alpha particles flow into the bit line during this comparison process, 

they cause the reference potential to drop. As a result of this a "('f' to "1" inversion occurs. 
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Soft errors caused by this bit line mode are inversely proportional to the cycle time: the longer the 

cycle, the less frequent are the bit line activations and resultant exposure time to alpha particles. The 
memory cell mode error rate is independent of the cycle time. The following figure (Figure 2) illustrates 

the composite rate. 

SER 
Normalized 
Value 

~ Composite 

\~e 

\ 
Memory Cell Mode 

Bit Line Mode 

Figure 2. Soft Error Rate vs. Cycle Time 

Soft Error Rate Estimation 
The soft error rate of a particular device can be analyzed in relationship with other device 

parameters (Vee and lRc) using an accelerated test scheme. For an example of soft error rate estimation, 

see Figure 3 which shows a Fujitsu MB814100 4M DRAM die exposed to an americium 241 source. 

7-32 

Coated Source 

Function Tester 

Figure 3. Alpha Source Acceleration Test 

The alpha particles are generated by the americium source, and under the following conditions: 

Alpha source element: Am 241 

Alpha source intensity: 10llel (1.4 x109 alphalcm2/hour) 
Alpha source energy: 5.35 MeV 
Geometrical condition: 2 mm vertically above the chip 

Vee :4.0-6.0 V 

fRc : 0.5 - 10 JJ,S 
Test data pattern: checkerboard 
Test address pattern: linear sequence 
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The results can be expressed in two fonns, SER vs. Vex:. and SER vs. tRc. The following graph 

(Figure 4) shows the soft error rate (normalized value) vs. Vee (supply voltage) when cycle time 

tRc= 500ns. 

SER 
Normalized 
Value 

MB814100 SER)'s. Vex; 
(Acceleration Test) 

Alpha Source: Am24110 I1Ci 
Pattem Checker 
tRe- SOO ns 

VCC(V) 

4.0 4.5 5.0 5.5 6.0 

FIgure 4. Soft Error Rate vs. Vee (MB814100) 

Figure 4 demonstrates that the lower the voltage V cc the higher the rate of soft errors. This is due to 

the lower potential that has to be changed by the alpha particle-induced electrons. 

The next graph (Figure 5) shows the dependency of the composite soft error rate on the cycle time, 

SER 
Normalized 
Value 

MB814100 ~ER vs. tRe 
(AcceleratlOt1 Test) 

Alpha Source: Am24110 I1Ci 
Pattem Checker 

,----~ 

I I I 
Lr---'O"'.S--f1-.0--tS---""I11-0-· tRe (IJ.s) 

Flgue 5. Soft Error Rate vs. tRC (MB814100) 

In this case, the SER is inversely proportional to the cycle time. The longer the cycle, the less 

frequent are the bit line activations and resultant exposure time to alpha particles. Hence, the SER 

decreases with the increase in tRc. 
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Soft Error Rate Comparison 
The accelerated test data that has been compiled can be used to compare the SER of MB814100 to 

similar devices from other manufacturers or to compare the soft error rate of several Fujitsu DRAMs, from 

the 256K to the present 4M devices. 

In order to compare the SER for the Fujitsu 256K, 1M and 4M devices, the SER values can be 

normalized to reflect the same alpha particle flUx densities. The following figure, Figure 6, represents a 

comparison between the SER of 256K, 1M and 4M DRAM devices. The marked improvement shown 

between the 256K and 1M is due to the stacked capacitor cell design. This design technique was adopted 

by Fujitsu for DRAM cell designs and the 1M DRAM was the first device fabricated using this design 

technique. 

SER 
Normalized 
Value 

MB814100 SER VS. Vcd256K, 1 M and 4M) 

Alpha Source: Am241 
Pattern Checker 
lAC = 500 ns 

4M 

L-_+-_+-_+_+_+ __ VCCM 

4.0 4.5 5.0 5.5 6.0 

Figure 6. Relative Soft Error Rate vs. Vee (256K, 1M, 4M) 

To improve the 4M DRAM, various methods, including an advanced stacked capacitor cell design 

and an improved circuit design, were used to decrease the SER. Figure 6 shows the SER of the 4M DRAM 

significantly reduced when compared to that of the 1M and 256K DRAMs. 

Conclusion 
The soft error rate for the Fujitsu 4M DRAM, the MB814100, was estimated under accelerated 

conditions. The results were compared with the previous products, the 256K and 1M DRAMs. The SER for 

the 4M is an improvement over previous DRAM generations and this is due to various design methods 

used by Fujitsu such as: 

• reduction of trace radioactive elements in package materials 

• improved circuit design to minimize the impact of dislocated electrons. 

Soft errors in DRAM devices cannot be completely eliminated, but they can be reduced to very small 

numbers. Fujitsu will continue to develop improved methods that will reduce the soft error rate of present 

and future DRAM memory products. 
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3D Stacked Capacitor Cell for 
Mega Bit DRAM 

• Tomio Nakano • Takashi Yabu (Manuscript received December 16. 1988) 

ThiS paper discusses the three-dimensional stacked capacitor (3D STC) cell tech
nology that Fujistu used in 1-Mbit DRAMs (Fujitsu was the first to do this), and the 
development of 1-Mbit and 4-Mbit DRAMs using the 3D STC technology. 3D STC 
technology is the key to cell area reduction enabling densities higher than 1-Mbit. 
This technology provides mass production capability and a high immunity to alpha
particle-induced soft errors. To respond to market demands for low power consump
tion, high speed, and high reliability, 1-Mbit DRAMs were designed using CMOS 
technology. A 4-Mbit DRAM having an access time of 56 ns and low power consump
tion of 175 mW was also developed. 

1. Introduction 
Since the 1-Kbit dynamic memory (DRAM) 

was developed, the density and performance of 
MOS DRAMs have steadily improved and have 
led the semiconductor technologies of Fujitsu. In 
1985, a three-dimensional stacked capacitor cell 
was developed 1) and first used in a 1-Mbit 
DRAM. 

The three-dimensional design of a capacitor 
using this cell technology results in a large cell 
capacitance in a very small cell area and high 
scalability. These features have attracted much 
attention to this cell technology and it is being 
widely used for 4-Mbit DRAMs2),3). This report 
discusses the three-dimensional stacked capaci
tor cell (3D STC) technology and the 1-Mbit and 
4-Mbit DRAMs that use this technology. 

2. Development of DRAMs having capaci
ties up to 256 Kblts 

Figure 1 shows the DRAM developments by 
Fujitsu. Since the development of the 1-Kbit 
DRAM in 1971, integration has quadrupled ev
ery three years. A 4-Mbit DRAM may be intro
duced to the market in 1989. The major points 
ofthis steady progress in high integration is re
viewed below. 

Figure 2 shows that the cell area has been 

FWITSU Sci. Tech. J .. 24, 4, pp. 301-317 (December 1988) 

reduced by a factor of 400 in the last 18 years. 
This area reduction was mainly due to the prog
ress in fine lithography techniques, cell struc
ture, and circuit technology. The standard 
DRAM design rule for fine lithography has been 
to make the lithography 0.7 times finer in each 
generation. The 4-Mbit DRAM must now be pro
cessed in units of submicrons. In each genera
tion of DRAM, a cell area reduction technology 
has been developed (see Table 1). 

The general progress of DRAMs can be 
viewed as the advance of memory cell technolo
gy. The memory cell of a 1-Kbit DRAM consists 
of three (or four) transistors (see Fig. 3a)4). Al
though this cell has a large area, it has the ad
vantages of current amplification capability and 
is easy to read. In the single-transistor cell sys
tem that was first incorporated in the 4-Kbit 
DRAM, a one-bit memory cell consists of a tran
sistor as a switch and a capacitor that stores in
formation as an electric charge (see Fig. 3b). 

Because the single-transistor cell does not 
have current amplification capability, the signal 
voltage on a bit line is very small (100 V to 200 
m V). Advances in circuit technology, including 
the sense amplifier, has enabled this small sig
nal to be detected at high speeds and has pro
vided the basis for DRAMs ever since. 
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4M 

1M 
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4K 
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Table 1. Development of DRAM technology for each generation. 
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Fig. I-DRAM development of Fujitsu. 

The following section explains the principle of 
operation of the sense amplifier for the single
transistor cell using the circuit of the 256-Kbit 
DRAM MB8125611) 88 an example. 

:1.1 Se_ ampuner For siDgIe-trlUlSistor ceO 
Figures 4 and 5 show the major circuits of 

the sense amplifier and their operating wave
forms. A sense amplifier consists of a dynamic 
flip-flop circuit having a pair of transistors (Ql 

and Qr). A small dift'erential voltage between 
the left and right bit lines is quickly amplified. 
That is, sense amplifier activation clocks A and 
B are set to a high level sequentially at time t1 

\·~97~0-~19~75~-'19~80n--'19~8<5--,I~98~O-~ 
Year 

Fig. 2-History of cell area reduction (Cell area reduced 
by a factor of 400 in 18 years). 

(see Fig. 5). and the dift'erential voltage between 
nodes Nl and N2 increases. At time t2 after am
plification. the active restore circuit operates to 
recharge the bit line to the high level Vee. and 
the series of read operations is completed. 

The cell read signal voltage can significantly 
aft'ect the stability of sense amplifier operation. 
This is analyzed in a simplified manner below. 
In Fig. 4. the bit line capacitance is OBI.. cell ca
pacitance is Cs. dummy cell capacitance is en. 
and the cell potential at time to is Vs. The 

FWITSU Sci. Tech. J .• 24. 4. pp. 301-317 (December 1988) 
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WL 

... 
CIl 

T 

a) 3 transistor cell b) I transistor cell 

Fig. 3 -DRAM memory cell circuit. 

DB DB 

BL: Bit line DWL: Dummy word line 
DB: Data bus WL: Word line 

Fig. 4 -Sense amplifier circuitry of 2S4·K DRAM. 

potential difference (or signal voltage) Valg be
tween sense amplifierinput nodes Nl andN2 at 
time tl is determined by the ratio of cell and bit 
line capacitances and is expressed as follows. 

Cs 
Vaig - Cst. + Cs (VCC - Vs) • Y 

+ Co Vcc.y±Vn 
Cst. + Co 

In the above expression, y is the cell read ef-
ficiency and V n is the noise voltage to the sense 
amplifier. From the above expreuion and the 
MB81256 cell capacity, the relation between cell 
potential Vs and signal voltage Valg is obtained 
as shown in Fig. 6. In this example, the reference 
voltage i8 aet to 2 V and the read margin at the 
high level i8 set above the read margin at the low 
level because of the leakage at the p-n junction 
and the cell charge loss due to alpha particles6). 

2.Z DRAMs 8Dd cell technolOJD' berore I-Mbit 
DRAM 

The 64-Kbit DRAM can be operated by a 

FWITSU Sci. Tech. J .• 24. 4. pp. 301~17 (December 1988) 

Fig. S-Operational waveforms of sense amplifier. 

200 V~=5.0V 

100 

-200);-0 ---7---+----!;---~-~ 

V~,,(V) 

Fig. 6-Relationbetween Voell and Vsig (Dummy cell 
is. adjusted to fit V ref = 2 V). 

single 5 V power supply while conventional

DRAMs require three power supplies (+12 V ± 
5 V). This design enabled the DRAM to be con
nected to peripheral circuitry more easily and 
expanded the field of DRAM applications from 
main storage in large computers to personal 
computers. This resulted in a dramatic increase 
in the demand for DRAMs nMOS technology, 
which had been used for DRAMs having capaci
ties of 4 Kbits to 256 Kbits, was replaced by 
CMOS technology when I-Mbit DRAMs were 
developed to reduce power consumption and in
craaae speed. 

The objective of cell structure development 
at this time was the promotion of multilayer and 
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three-dimensional designs. For DRAMs having 
4 Kbits or less, the capacitor and transistor con
sist of a single poly-silicon layer whose capacitor 
area occupies only a small portion of the cell 
area. Double poly-silicon layer technology was 
first used for a 16-Kbit DRAM. The double poly
silicon layer structure provides the first-layer 
for the capacitor electrode and the second layer 
for the transistor gates. This increases the ca
pacitor area occupancy ratio. In addition, the 
function of each poly-silicon layer can be limited, 
enabling the optimum gate oxide thickness for 
the capacitor transistor to be selected individu
ally. Thus the maximum capacitance can be pro
vided in a very small cell area. 

The multilayer poly-silicon design was fur
ther advanced. The resulting three-layer poly
silicon technology developed for the 256-Kbit 
DRAM has increased the speed even more. This 
technology provided the basis for the smooth de
velopment of 1-Mbit three-dimensional stacked 
capacitor (3D STC) cells. The cells of DRAMs 
having 256 Kbits or less use the surface of the 
silicon substrate for the capacitor and transistor 
and are classified as planar cells. If the cell area 
was reduced by using only fine lithography to
gether with the planar technique to obtain capa
cities of 1 Mbits to 4 Mbits, the cell capacity re
quired to guarantee immunity from 
alpha-particle-induced soft errors could not be 
achieved. To solve this problem, .the three-di
mensional design was employed based on the 
concept of a stacked capacitor cell which over
lays the capacitor on the transistor for efficient 
use of the silicon surface. 

3. Stacked capacHor cell technology 
3.1 Features of mega bit DRAM cells 

Various cell structures have been proposed 
for mega bit DRAM memory cells having three
dimensional structures. The stacked cell forms 
a capacitor on a single-transistor cell access 
transistor. The trench cell forms a capacitor in a 
trench dug in the silicon substrate. Many of the 
suggested cell structures were trench cell types, 
but planar cells, which were mainly used 
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for DRAMs having capacities of 256 Kbits or 
less, are generally used for the 1-Mbit DRAMs 
now in mass production. 

However, the planar cell is reaching the lim
it of its capability. When the future capacity of 
DRAMs is considered, it is now necessary to se
lect other cell types as the memory cells for 
4-Mbit to 16-Mbit DRAMs. Recently, the devel
opments in stackecl capacitor cells have gained 
attention for their applicability to fine lithogra
phy and high scalability. 

Fujitsu led other manufacturers by develop
ingthe three-dimensional stacked capacitor cell 
and using it for 1-Mbit DRAMs. Fujitsu subse
quently developed a memory cell for a 4-Mbit 
DRAM having the smallest cell area reported so 
far using fine lithography technology. Further
more, Fujitsu has promoted the development of 
stacked capacitor cell technology combined with 
a dielectrically encapsulated trench (DIET) ca
pacitor cell7) which combines the advantages of 
trench cells and stacked cells. 

3.2 Three-dimensional stacked capacitor cell 
The memory cell structure is most impor

tant for the design of a DRAM. The memory cell 
almost determines the performance and mass 
producibilityofthe DRAM. The memory cell size 
of the 1-Mbit DRAM must be reduced to about 
one-third that of the 256-Kbit DRAM. The 
memory cell size of the 4-Mbit DRAM must be 
reduced to about one-third that of the 1-Mbit 
DRAM by using a scaling factor of 0.6 to 0.7. 
When Fujitsu developed the 1-Mbit DRAM, it 
planned to develop a basic structure for the 
memory cell that could be used for at least two 
generations. After investigating various 
memory cell structures such as the stacked cell, 
trench cell, and planar cell, Fujitsu selected the 
stacked capacitor cell structure due to its high 
scalability and thus the expandability to 4-Mbit 
DRAMs. 

3.2.1 Folded bit line configuration 
The basic idea of stacked cell has existed 

since 19788),9). This idea,however, simply 
stacks the capacitor on the access transistor of 
the cell and has an open bit line configuration. 

FUJITSU Sci. Tech. J., 24. 4. pp. 301-317 (December 1988) 
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Word lines 

Bit line --1--,---I~--+--.--+--

Cell plate'---t--t--f---+-+-+-

Bit line ---t--~~---+~--~--

Fig. 7-3D stacked capacitor cell. 

Fujitsu has also used the open bit line con
figuration for its 64-Kbit and 256-Kbit DRAMs. 
However, mega bit DRAMs which have reduced 
memory cell size require a cell structure that en
ables the folded bit line configuration for an im
proved noise margin. Fujitsu has improved the 
conventional stacked capacitor cell structure by 
locating word lines under the second polysilicon 
layer that forms the charge storage electrode 
(see Fig. 7). This structure forms a memory cell 
at every other intersection of a bit line and a 
word line and enables the folded bit line configu
ration. 

3.2.2 Cell Size 

A planar cell forms a flat capacitor on the 
surface of a substrate. The capacitor area is re
duced in proportion to the reduction of memory 
cell size. Even when the fine lithography tech
nique is fully implemented, it has a limited abil
ity to provide a large capacitance in a small area. 
Because a trench cell has a trench in the sub
strate in which the capacitor is formed, the ca
pacitor is also formed on the surface of the side 
walls within the trench. If the trench is deep, a 
relatively large memory cell capacitance can 
easily be provided. 

A stacked cell forms the capacitor on the ac
cess transistor. Therefore, the memory cell ca
pacitance can be increased because the 

FUJITSU Sci. Tech. J., 24, 4, pp. 301-317 (December 1988) 
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Stacked Trench Planar 
Kinds of cell 

Fig. 8-Comparison of cell size for three types of cell 
structure. 

capacitor is formed on ·the top and sides ofthe 
poly-silicon layer for storage node. The bent 
shape of the storage node also contributes to the 
capacitance increase. 

The memory cell areas of the stacked cell, 
trench cell, and planar cell were compared when 
the same lithography technique was used and 
the capacitor areas were the same (see Fig. 8). 
The results show that the three-dimensional 
stacked capacitor cell is the best for reducing the 
memory cell size. 

3.2.3 Soft error immunity 
A soft error is an event in which cell informa

tion is destroyed. The charge generated by an al
pha particle beneath the charge storage region 
of the cell is absorbed in the diffusion layer, and 
the voltage potential of the cell is lowered caus
ing cell information to be destroyed. 

The first method to prevent soft errors is to 
suppress the generation of alpha particles by in
creasing the purity of the package material or by 
preventing alpha particles from entering the sil
icon substrate. The second method is to increase 
the charge storage capacitance to reduce the ad
verse effect of the charges generated by the al
pha particles. The third method is to design a 
memory cell structure havinghigh resistance to 
soft errors by lowering the charge collection effi
ciency of the diffusion layer. 
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I~r--------------------------------' 
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Fig. 9 -Comparison of SER for three types of cell 
structure. 
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Fig. 10-Dependence of collected charge on junction 
area. 

To increase the storage capacitance, the 
thickness of the capacitor film must be reduced 
and the storage electrode areas must be in
creased. To lower the charge collection efficient
ly, the diffusion layer area must be reduced or a 
potential barrier must be formed. For example, 
a Hie structure10) or memory cell formation in 
a p-wellll) is required. 

When the stacked capacitor cell was devel
oped, three test devices having the stacked 
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capacitor cell, planar cell, and trench cell struc
ture were made and actual soft error rates were 
measured (see Fig. 9). The results show that the 
stacked cell caused fewer soft errors even 
though it has a small memory cell capacitance. 

Because the capacitor is formed on polysili
con in the stacked cell structure, its diffusion 
area is very small and the collected charge 
amount is reduced. On the other hand, the ca
pacitor area in a planar or trench cell is equiva
lent to the diffusion layer area and the edge of 
the drain is added to this area. The diffusion lay
er in the charge storage region is therefore en
larged and the collected charge amount become 
large. Although a large memory cell capacity can 
theoretically be maintained by the trench cell 
structure, the critical charge amount must be in
creased because the diffusion layer area in
creases according to the increase in the capacity. 
For this reason, an additional countermeasure, 
including a potential barrier on the side walls of 
the capacitor, is required. 

This characteristic can also be illustrated by 
the results of an experiment in which collected 
charge amounts are measured usingtestdevices 
having various junction areas (see Fig. 10). If the 
junction area is small in comparison to the 
charge amount to be collected, the collected 
charge amount is reduced because the effective 
funneling length is shortened by the electric 
field distortion at the junction edges, and be
cause adjacent cells partially absorb the charge. 

3.2.4 Charge retention characteristic 
The charge retention characteristic of the 

memory cell is important in relation to the re
fresh time ofthe DRAM. In a 256-Kbit DRAM, 
the refresh time is 256 cyclesl4 ms. That is 1024 
memory cells are refreshed by one refresh opera
tion and the operation must be executed 256 
times in 4 ms. In a I-Mbit DRAM, the refresh 
time is 512 cyclesl8 ms, and the refresh time of 
a 4-Mbit DRAM is 16 ms if the refresh overhead 
time is the same as that of the 1-Mbit DRAM. 
The refresh time doubles for each DRAM gener
ation. 

To prolong the charge storage time, all 
sources ofleakage current must be reduced. 
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Fig.ll- Threshold voltage 88 a function of gate length. 

When compared with other cell structures, 
the stacked capacitor cell has a small p-n junc
tion area of the capacitor and lower leakage cur
rent. The stacked capacitor cell can also incorpo
rate conventional isolation techniques, 
resulting in sufficient isolation width and a low
er leakage current. 

The leakage current of the capacitor dielec
tircfilm on the poly-silicon is not more than 1O·1S 

A per cell when the film thickness is 5 nm (effec
tive oxide thickness) and the electric field in the 
insulating film is 5 MV/em. 

When the transistor becomes very small, the 
characteristic degradation due to hot carriers 
and short and narrow channel effects become a 
problem. The stacked cell can use a large access 
transistor in comparison with the planar and 
trench cells. Alternatively, if the same size tran
sistoris used, the stacked cell can have a smaller 
memory cell size than that of other memory cell 
structures. Figure 11 shows that the subthresh
old swing even in the submicron gate length is 
80 mY/decade and the leakage current can be 
suppressed enough to eliminate the adverse ef
fect on the charge retention characteristic. 

3.3 Development of 4-Mbit DRAM memory cell 

A 4-Mbit DRAM memory cell was develo
pedby further scaling the three-dimensional 
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stacked capacitor cell developed for I-Mhit 
DRAMs. The basic memory cell structure is com
mon to 1-Mbit and 4-Mbit DRAMs. The I-Mbit 
DRAM incorporates three-layers poly-silicon 
and one-layer Al process technology, where poly
cide us used for word lines, and Al wiring is used 
for bit lines. The 4-bit DRAM uses further ad
vanced technology having four-layer polysilicon 
and a one-layer Al process. 

In the 4-Mbit DRAM, contacts with the Al 
word lines are made at eight positions in the cell 
array to minimize the delay time due to the poly
cide word lines on the first poly-silicon layer. The 
bit line is formed by the 4th layer ofpolycide on 
which it is easy to form a fine bit line pitch. This 
eliminates stray capacitances that would be oc
curifthick Al bit lines were formed. This design 
resulted in a ratio of bit line capacitance to cell 
capacitance CBlCs of about eleven, which is suf
ficient for signal sensing. 

In addition, a cell capacitance of 27fF was 
realized by the development of a capacitor insu
latingfilm having a thickness oflO nm (effective 
exide thickness) or less and by virtue of the 
three-dimensional structure of the stacked cell. 

Thus, a 7 .51lm2 cell was developed and put into 
use in a practical device. 

3.3.1 Four-layer poly-silicon process 
Figure 12 shows the process to make the 

4-Mhit DRAM memory cell. The substrate is p
type silicon. After isolation and formation of the 
n-well of CMOS for peripheral circuitry using 
conventional methods, gate electrodes, includ
ingthose for the access transistor, are formed on 
the first poly-silicon layer (polycide). Then the 
source drain area is formed by ion implantation 
in Fig. 12a). After oxide film is grown by the CVD 
method and the contact holes are formed by im
printing a mask pattern, the second poly-silicon 
layer for the storage nodes is grown. To process 
the second poly-silicon layer, which affects the 
storage capacity, accurate patterning was per
formed while avoiding the influence of the first 
poly-silicon layer in Fig. 12b). For this process, 
new lithography and etching techniques to de
lineate an exact pattern of the reticule and a new 
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a) 

b) 

c) 

d) 

Fig. 12-Schematic veiw of 3D stacked capacitor cell 
and fabrication process. 

technique of producing accurate and defectless 
reticules were developed. 

After the capacitor dielectric film is formed, 
the third poly-silicon layer for the cell plate is 
grown. After the oxide films between layers are 
grown, the bit line contact holes are opened and 
bit lines are formed by the fourth silicon layer 
(polycide) in Fig. 12c). Then, aluminum word 
lines are formed by the conventional method in 
Fig. 12d). Figure 13 shows the cross-sectional 
SEMview. 
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Fig. 13 -SEM cross sectional view of 3 D stacked 
capacitor cell. 
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Fig. 14-Leakage current of capacitor film. 

3.3.2 Capacitor dielectric film 

A key technique of the process for the 
stacked capacitor cell is the formation of the ca
pacitor dielectric film on the poly-silicon. The 
4-Mbit DRAM requires a film thickness not 
more than10 nm (effective oxide thickness). 
There is also a physical limit for the silicon oxide 
film thickness. When the thickness becomes 
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5 nm or less, the conductivity mechanism of the 
film is changed and jts dielectric characteristics 
rapidly deteriorate. Therefore, the film cannot 
be thinner than this limit. 

To determine the minimum limit of film 
thickness, I-V characteristics were measured as 
shown in Fig. 14 using a film 5 nm thick (effec
tive oxide thickness) which is close to the physi
cal limit, and by using a test pattern having a 40 
mm2 capacitor area and having the equivalent 
steps as a 4-Mbit DRAM. This measurement 
confirmed that the leakage current per cell un
der the device operating conditions is not more 
than 10.18 A 

In addition, the time dependent dielectric 
breakdown (TDDB) of the capacitor film was es
timated by an accelerated test using constant
current stress (see Fig. 15). The operating life of 
the capacitor film calculated using the current 
acceleration factor obtained from the test result 
was essentially infinite even for a film thickness 
of5nm. 

The results of these measurements showed 
that the capacitor dielectric film on the poly-sili
con has sufficient charge retention characteris-
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Fig. 16-Master slice/wire bond option control circuitry. 

tics and operating life even when its thickness 
is close to the physical limit. Consequently, a ca
pacitorfilm having a 7 nm to 8 nm thickness was 
selected considering fluctuations in the produc· 
tion process. 

4. Development 01 mega bit CMOS DRAM 

4.1 Eight types of I-Mbit DRAM on the same chip 

This section explains the circuits and fea
tures of Fujitsu's CMOS DRAMs that use the 
three-dimensional stacked capacitor cell and 
CMOS peripheral circuits described in the pre
ceding chapter. 

The MB81Cl000l1l2J3 series having I·Mbit 
x I-bit organization and the MB81C425617/B/9 
series having 256-Kbit x 4-bit organization from 
eight different types of I·Mbit DRAM are fabri
cated on the same bulk chip. The type of DRAM 
product is selected by means of the aluminum 
master-slice and wire bonding in the assembly 
step. Figure 16 shows the control circuit for 
these DRAMs. When PF2 and FPa are pulled up 
to Vee or down to Vss. the FAST PAGE (FPG), 
NIBBLE (NB), STATIC COLUMN (SC), 
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x 4 nibble mode 
x 4 serial access mode 
x 1 serial access mode x 1 nibble mode 

Address counter 

Address !11~=_~_~~fi~ffli~ri"=rT--rTl buffer 

Switch 

Address latch 

Fig. 17 -Address counter block diagram for nibble mode and serial access mode. 

:P'~-N' ~L .. 
~-I ~ 
0; -I WD 1 

j, ~L.'. 
a) Row decoder b) Row decoder 

of 256-K DRAM of I-M DRAM 

FiR. 18-Comoariosn of row decoder between nMOS and 

or SERIAL ACCESS (SA) mode can be selected. 
Figure 17 shows the address counter con

nections to provide the SA mode. In the 256-Kbit 
x 4l-hit organization, continuous 2-Kbit data 
can be accessed at high speed by operating all 
counter bits AoC to AsC. If two low order bits of 
this counter are used, the NB mode can pro
vided. In the l-Mbit x I-bit organization, the 
counter operation is the same as in the 256-Kbit 
x 4-bit organization except that the address 
boundary is AoC to AgC. 

4.1.1 Power consumption 

The MB8IClOOO series uses a p-type sub
strate and n-well CMOS technology to provide 
low power consumption and high speed opera. 
tion at the same time. Figure l8a) shows the cir
cuit of the row decoders used in MB8l256 based 
on conventional nMOS technology. During ad-
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dress decoding in MB81256, all other decoders, 
except the selected one, repeat charging and dis
charging at every memory cycle. In the 
MB8IClOOO shown in Fig. l8b), only the se
lected I-bit decoder repeats charging and dis
charging. All other decoders are in the standby 
state (NODE Nl = H). Because of this feature, 
the gate capacitances oflargetransistors Qlto 
Q4 are not charged and discharged every cycle, 
and unnecessary power consumption is avoided. 
Furthermore, ground noise and sUbstrate noise 
caused by discharging can be eliminated, result
ing in stable operation of the sense amplifier. 

Because the reset level of the bit lines is set 
to about 112 Vee, the charging and discharging 
current (which significantly affects the power 
consumption of the DRAM) is reduced to about 
35 percent that of the conventional Vee reset
ting method. In addition, each bit line is divided 
into four sections by the shared sense amplifiers 
located on both sides of the column decoder in 
the middle. This enables the elimination of 
charging and discharging bit lines that are not 
operated for reading and writing. With this de
sign an effective reduction in power consump
tion is also achieved. 

4.1.2 Reliability 
Setting the bit line reset voltage to 112 Vee 

results not only in low power consumption but 
also improved reliability. 
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Fig. 19-Photomicrograph of 4M DRAM (Chip size is (4.92 x 13.22 mm2 ). 

First, by making the voltage potential ofthe 
bit line reset level equal to that of the capacitor 
plate of the ceU, the electric field at the capacitor 
film is reduced by half. This enables the capaci
tor film to be much thinner, reduces alpha-parti
cle-induced soft errors, and improves the time 
dependent dielectric breakdown (TDDB) of the 
capacitor film itself. 

Second, the potential of the capacitor plate 
of the cell and the bit line reset voltage are set to 
follow the fluctuation in the power supply (Vee). 
This stabilizes the read signal voltage to the 
sense amplifiers regardless of fluctuations in 
Vee, and makes the device highly resistant to 
Vee noise (V bump). 

Third, boost circuits, including the word 
driver, can be eliminated and fully static circuits 
are used for all internal circuits. AB a result, the 
memory not only has the advantageous feature 
of a CMOS circuit that is highly resistive to 
small leakage current, but also eliminates the 
characteristic degradation, including that due 
to hot carriers. 

The fourth advantage of the 112 Vee reset 
system is the reduction in the peak current of 
Vee power supply. Excessive peak current 
causes noise which adversely affects memory 
device operation. This has frequently caused 
troubles in users' boards. 

In the MB81C1000 series, the peak current 
is lowered to 100 rnA or less by using the 112 Vee 
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reset system as well as other techniques, mak
ing it possible to produce a device easy to use. 

4.2 Development of 40Mbit DRAM 
MB8141 00/814400 series 

A 4-Mbit DRAM that can be mounted in a 
300 mil dual in-line package (DIP) has been de
veloped12) through the incorporation of a 
memory cell having the three-dimensional 
stacked capacitor structure using four-layers of 
poly-silicon and the scaling of CMOS devices. 
Figure 19 shows a photograph ofthe chip. 

The major technical issue when mounting a 
4-Mbit DRAM to a 300 mil DIP is how to assure 
the cell area under the restrictions imposed by 
the package while maintaining cell capacitance 
and immunity to alpha-particle-induced soft er
rors. Considering the immunity to alpha-parti
cle-induced soft errors of the stacked capacitor 

cell, Fujitsu has set the cell area at 7.5 ~m2; this 
is the minimum reported cell area for 4-Mbit 
DRAM. This cell area was selected because iten
abIes a chip area of less than 70 mm2 and be
cause the memory device can be mounted in a 
conventional package. 

The development of the 4-Mbit DRAM 
MB814100/814400 series had three objectives: 

1) Electric characteristics, including the al
pha-particle-induced soft error rate, must be at 
least equivalent to those of existing DRAMs. 

2) The 4-Mbit DRAM must be compatible with 
various packages and capable of being 
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Fig. 20-Block diagram of 4M DRAM (Address clocks shape whole chip, but each 
J-Mbit blocks has its own clock generator). 

3) High-quality and inexpensive memory must 
be supplied to users by using stacked capaci
tor cells which have already been mass pro
duced. 
4.2.1 Design concept to 4-Mbit 
DRAM 

The chip area of the newly developed 4-Mbit 
DRAM is small (65 mm). It can be mounted not 
only to the 300 mil DIP but also to various pack
ages such as the Small OutlineJ-leadedpaekage 
(SOJ) and Zigzag In-line Package (ZIP) which 
have the same size as a l-Mbit DRAM. The cir
cuit design followed that of the l-Mbit DRAM as 
much as possible, but with improved power con
sumption and operating speed. The design im
provements are the 112 Vee reset system for the 
cell plate and bit lines, determination of word x 
bit organization by wire bonding, and position
ingofpartial peripheral circuits in the middle of 
the chip. 

For large-eapaeity DRAMs of l-Mbit or 
more, the division of the memory cell array is 
very important for determining the overall char
acteristics of the DRAM. This is because the 
length ofaluminum wiring in a chip is increased 
from 10 mm to 20 mm and the delay time in wir
ing becomes an important factor in the DRAM 

7·48 

speed. In many cases, the power supply and 
ground line may receive the noise generated 
when all decoders and sense amplifiers in the 
array are operated at the same time. This re
stricts the margin of device operation. In addi
tion, electro-migration mustbe considered in or
der to determine the power line width. 

4.2.2 l-Mbit blocking organization 
Because the sense amplifier pitch in the 

4-Mhit DRAM can be reduced due to the use of 
polycide bit lines, 1024 sense amplifiers are posi
tioned in an array in the Y direction (direction 
of shorter side). Therefore, the length of the 
shorter side of the chip is 4.84 mm; this is less 
than the maximum length for a plastic 300 mil 
DIP. A cell array of 1024 columns x 512 words 
(512 Kbits) is considered a unit. Eight blocks of 
this array are laid in the X direction (direction 
oflonger side)to configure a4-Mbit array. When 
compared with the l-Mbit DRAM, the chip area 
of the 4-Mbit DRAM is increased by only 28 per
cent (comparison between Fujitsu products). 

Although the bit line reset voltage is set to 
112 V cc to reduce the power consumption, the 
charging or discharging current of bit lines 
reaches 70 mA (tHe = 180 ns) when all arrays of 
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Fig. 21-Timing diagram of 16-bit multi bit test (DW, DR, DE are write, read, expected data). 

the 4-Mbit DRAM operate at the same time. In 
the I-Mbit DRAM, the charge and discharge 
current were reduced to three-fourths of the con
ventional value through the divisional driving of 
arrays. In the 4-Mbit DRAM, only one-fourth of 
the arrays are driven apd the current consump
tion by bit lines is reduced to about 18 rnA After 
current consumption by arrays is reduced, the 
power consumption of peripheral circuits be
comes the next problem. 

The increase in power consumption due to 
the increase of DRAM capacitance, and the dete
rioration in access time due to the wiring delay 
time have been suppressed by improving the 
DRAM performance through the scaling of the 
transistor size. However, for a large capacity of 
4-Mbits, the improvement in memory device 
performance made only by scalingthe transistor 
is approaching its limit. This is because the wir
ing delay time becomes the dominant perform
ance factor as described before. 

To solve this problem, the blocking of cir
cuits, including peripheral circuits, is used and 
the power delay product in the peripheral cir
cuits is greatly improved (see Fig. 20). A I-Mbit 
array containing a cell array and a clock genera
tor circuit to drive the array is considered a unit 
block. The 4-Mbit memory is configured by four 
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suCh blocks. During normal reading or writing, 
only the selected I-Mbit block is operated. Con
sequently, the chip can maintain high speed and 
low power consumption because it operates un
der an internal load as small as that of a I-Mbit 
DRAM. 

4.2.3 Test mode 
Since the development of the I-Mbit DRAM, 

the issue of increasing the test time as the 
memory capacity increases has arisen. This is a 
serious problem even for the 4-Mbit DRAM. For 
example, when a DRAM of 4-Mbit x I-organiza
tion is tested with a cycle time of 300 ns, a test 
time of about 15 s is required even when a simple 
marching pattern is used. For the I-Mbit 
DRAM, the parallel test mode is activated by ap
plying a voltage higher than Vee to the Test En
able (TE) pin which used to be an NC pin. How
ever, for the 4-Mbit DRAM, reduction of the test 
time is strongly desired at the board level and 
there is no unused pin. Therefore, the 4-Mbit 
DRAM is designed to have an 8-bit parallel test 
mode controlled by the TTL logic input. 

Table 2 lists the test functions employed for 
the 4-Mbit DRAM. Figure 21 shows their timing 
charts. The parallel test mode entry is done by 
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Table 2. Function of Multi bit test 

Organiza 'l8Btentry Test exit Result No. of 
tion MBT 

WE.tmI tmlbefore Pasa",l 

4·Mxl before RASor Fail =0 8 RAS RASonly from 
(WCBR) refl'ech Dog" 

Paaa = 1 
1·Mx4 Ditto above Fail =0 8 

fromDOa 

Fig. 22-Output wave fonn operating in a fast page 
mode. 

the WE, 'CAS before RAS (WCBR) cycle. The exit 
cycle is done by the RAS only refresh or 'CAS be
fore RAS cycle. During test mode operation, re
fresh can be executed in either the simple read 
cycle or WCBR entry cycle. 

For the test result output, the Dout pin out
puts "1" for "pass" when all data of the eight par
allel read bits matches, and "0" for "fail" when 
at least one bit of data does not match. The 
a-state output method which uses a high imped
ance state for test result output is not used, thus 
the test can be executed easily on the board. 

4.3 Characteristics of 4-Mbit DRAM 

The 4-Mbit DRAM designed as described 
above operates at high speed with low power 
consumption. Figure 22 shows the output wave
form of the DRAM in the fast page mode. The 
measurement conditions are: power voltage Vcc 
is 5 V, ambient temperature is 25 "C, andRAS
'CAS delay time tRCD is tRcn.. .... As> shown in the 
figure, the RAS access time is typically 56 

7-50 

80r------------------------------, 

tRe = 180 ns 

60 

256K __ ~ 

L---l£ ;;: __ e>. 

§ 40 

..J 

;;: 
§ 

..J 

20 
4M 

O,~----~~----~------~----~ U U U U U 
V,,(V). 

Fig. 23-Average Vee current (lecl) VS Vee voltage. 

80r------------------------------, 

60 '" ",'" 

/ '/ 

~~ 

x 
40 

20 ~ 4M l£ 
8 

10Ll------~------~------~----~ 

Operational frequency (MHz) 

Fig. 24-Average Vee current (leel) vs operational 
frequency. 

ns. This is faster than that of 256-Kbit and 
1-Mbit DRAMs. 

Figure 23 shows the average operating cur
rent (Vee) dependency of the power voltage 
(1C01). Figure 24 shows the cycle time dependen
cyof1c01. Forreference, data ofa4-Mbit DRAM 
is compared with data of a 256-Kbit DRAM 
(MB81256) usingnMOS technology. Under typi
cal conditions, the operating current of the 
4-Mbit DRAM is 34 rnA, while that of the 
256-Kbit 
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Fig. 25 _ Accelerated alpha particle induced soft; error 
result. 

DRAM is 48 rnA The comparison reveals a 
large reduction in the operating current. This 
results from the array division. The memory cell 
array is divided into eight sections and confi
gured in four blocks consisting of independent 
1-Mbit blocks, including the peripheral circuits 
to drive the arrays. 

The 4-Mbit DRAM has the same power con
sumption as a 1-MbitDRAMbecause it executes 
operations equivalent to that of a I-Mbit DRAM 
using its internal circuits, including peripheral 
circuits. This is a large advantage for PC board 
assembly. The memory board capacity can be in
creased four times by using the 4-Mbit DRAM 
without changing the power supply or cooling 
system. 

The peak current of the 4-Mbit DRAM is 
rather low (100 rnA) compared to a 256-Kbit 
DRAM. 

Reduction of the alpha-particle-induced soft 
error rate is a large problem if the reliability of 
mega-bit DRAMs is to be increased. Figure 25 
shows an example ofthe test results for soft er
rors using an accelerated test. In this test, alpha 
rays were irradiated onto the chip surface and 
the soft error rate was measured while altering 
the DRAM operation cycle time. As shown in the 

FWITSU Sci. Tech. J .• 24. 4. pp. 301-317 (December 1988) 

figure, the major cause of soft errors is the bit 
line mode. Few soft errors are observed in the 
cell mode partly because only a small charge is 
collected by the stacked capacitor cell13): It has 
already been confirmed that the soft error rate 
of the 4-Mbit DRAM is lower than that of the 
1-Mbit DRAM because of the scaling of the p-n 
junction area14). 

Regarding the packages for the 
MB814100I814400 series, the 300 x 675 mil2 
SOJ can be used as described previously. In ad
dition, new 300 mil DIP and 400 mil ZIP are un
der development. The JEDEC standard for the 
4-Mbit DRAM package has not yet been estab
lished (except 350 x 675 mil2 SOJ) because ofthe 
large restriction imposed by the various chip 
sizes of different manufacturers. If the JEDEC 
standard is established, Fujitsu will develop the 
corresponding package. In addition, Fujitsu 
plans to study the possibility of using a 300 mil 
SOJ having compatibility with a 1-Mbit DRAM 
in order to realize a single in-line module (81M) 
mounted with 4-Mbit DRAM. 

5. Future objectives 
Currently, I-Mbit DRAMs are mass-pro

duced, 4-Mbit DRAMs are being accepted in the 
market, and the concept of 16-Mbit DRAMs is 
being considered. In this age of mega-bit capac i
ties, the device and process technologies are 
changing rapidly. 

As the process technology improves, a new 
concept of memory cell technology is required. 
Fujitsu plans to promote the further miniatur
ization of stacked capacitor cells to be used for 
16-Mbit DRAM memory cells. 

As part of this advance in technology, Fujit
su presented a DIET capacitor cell at IEDM in 
1986. DIET combines the advantages ofboth the 
stacked cell and trench cell. It can theoretically 
achieve a large cell capacitance and could be 
realized by burying a three-dimensional capaci
tor cell into an insulated trench capsule. In addi
tion, a system to supply cell-plate voltage from 
the capsule layer in the substrate has been de
veloped. To supply cell-plate voltage from inside 
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the substrate is a new system. 
AI!. shown by the above discussion, the pro

cess technology to realize a new memory cell 
must be found by trying various process technol
ogies and looking at all possibilities. Such meth
ods of development do not determine one choice 
only, but also expand the overall potential. Fujit
su will continue to develop the technologies for 
those device designs that respond to the diverse 
needs of the market. 

In device technology, Fujitsu plans to devel
op products having added value and more func
tions in the field of ASICs Cincludingvideo prod
ucts) that are based on the general purpose 
products described in this report. Fujitsu will 
continue to introduce high-quality, high-perfor
mance devices for the market. 

6. Conclusion 
Quadruple integration every three years 

has still been maintained in the Mega bit era. 
The 3D STC was the key technology for this 
steady progress of DRAM development. To de
velop this type of DRAM cell, overall process de
sign was needed, such as fine lithography, ultra 

thin capacitor film, cell capacitance, and <x-im
mune cell structure. 

Combining the high performance CMOS 
DRAM circuits with the STC cell technology, we 
developed the industry's smallest4-Mbit DRAM 
having an access time of 56 ns. 
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